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ERRATA.

The reader is requested to correct the following errata which have accidentally occurred in passing the Work
through the Press: a few typographical errors will also be found ; but they have not been thought of sufficient
importance, to demand particular mention.

Preface—page vii. line 15—for * than as earnest of the future and decided success” read “ than an earnest
of future and decided success.”
Page 50 line 24 for “in” read “«is.”

59 ... 8 for “clear” read ¢ clean.”
66 ... 2 for “later” read “latter.”
99 ... 11 for “latter” read * later.”
187 ... 20 for “have ” read *has.”
161 ... 8&6 for “lung” read “ pleura.”
174 ... 29 for “5” read «6.”
183 ... 18 for *“Thus” read * There.”

199 ... 5 after * takes the name of ” insert ¢ external iliac: afterwards.”

ON THE LIGATURE OF THE PRIMITIVE ILIAC ARTERY.

AppiTioNAL Nore. On page 202, line 12, Manec states, ““ I do not know any case of the primitive iliac
having been lied.” As this remark escaped the attention of the Translators when appending the notes in the
body of the Work, they take this opportunity of correcting the error of his implication.—This artery has been
thrice tied: once by Gibson; in this instance, the result was fatal. ‘I he second case was one of Professor
Mott's: this surgeon was the “first who attempted this important operation on strictly scientific principles, on
15th March, 1827, for an extensive aneurism ; and thereby saved the life of his patient ; neither heemorrhage
nor gangrene supervened, and the individual was enabled to resume his usual occupation.

Crampton also has followed the example of this celebrated American surgeon: but the termination of the
case was unfavourable: for the patient died of hemorrhage on the fourth day. But notwithstanding, these
very important facts were ascertained—that although the circulation, heat and sensibility of the extremity
were momentarily suspended, they were soon perfectly re-established : every circumstance promised success ;
but these flattering hopes were suddenly destroyed by the occurrence of an apparent displacement of the liga-
ture, and the supervention of the symptoms of internal hemorrhage. After the death of the patient, upon a
post-mortem examination being made, there appeared to be every probability, that the fatality of the case was
attributable to the fullowing cause: that the ligature of animal matter which Mr. Crampton had used, had
been dissolved or ruptured, before perfect obliteration of the artery had taken place.” VELPEAv, vol.i.
p- 188.

Bushe, of Philadelphia, has also performed this operation upon a very young infant, for a vascular affection
of the labia pudendi. NorTH oF ENGLAND MED. JoURNAL. (T=s.)
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TRANSLATORS PREFACE.

Numerous as the important subjects are which claim the earnest attention
of the surgeon, there are few of the principles of which it is more necessary
to obtain a right understanding, than those which should direct the applica-
tion of a ligature upon an artery. The successful result of no operation is
influenced to a greater extent, by the possession of accurate and precise
notions, than the one which procures a safe, speedy, and effectual obliteration
of an artery, by artificial or surgical means.

Notwithstanding the frightful mortality which for long periods must have
attended the performance of the great operations in Surgery, and followed
in the train of war, accident and disease, from sudden or long continued
hemorrhages, no systematic attempt, founded on the basis of anatomical
observation, appears to have been made, to controul or prevent these disasters.
Styptics and the actual cautery too frequently added to the list of evils which
they were intended to prevent: or, if they did not increase, they failed to
alleviate the sufferings and danger of the patient.

In the earlier ages of surgical practice, but after the ligature had been
occasionally employed, although its value might be very partially estimated,
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yet it was impossible that its use could be any other than empirical, the
circulation of the blood through the vessels upon which it was applied, not
being then understood. For a long period, even after the discovery of
Harvey, were the true principles which direct its use buried in total dark-
ness, which was not dissipated until that light beamed upon it, which began
to dawn with the Science of the Anatomy of Organic Structure.

The vague notions of ages began to assume some degree of precision
at the close of the last century, when Hunter, “guided by a deep insight
“into the powers of the animal economy, substituted for a dangerous and
« unscientific operation, an improvement founded upon those laws which
“ influence the circulating fluids and absorbent system "*—in applying a
ligature upon an aneurismal artery at some distance above the tumour,
the aneurism itself being unopened. The mode, however, by which the
closure of the vessel was produced, was still not generally understood, “it
“ being supposed that the arterial parietes were merely approximated to
“ each other by the ligature, and that the obliteration of the cavity was
« produced by their adhesion.” ¢ This doctrine led to a variety of inven-
“ tions for the purpose of placing a considerable extent of the opposite
“gsides in contact.”t+ Of this, in common with many other remedies of
Surgery, the practitioners of the close of the last, and especially those of the
commencement of the present century, have had the honour of attempting
to establish the scientific employment, and of endeavouring, by experimental
enquiry, to ascertain a knowledge of what is always accomplished when a
favourable termination is obtained.

A contrariety of opinion still exists upon this point, and as a consequence

in the practice of the surgeon; continental and some British surgeons using

* Hodgson on the Arteries and Veins, p. 103, + Hodgson, p. 192.
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compression to a greater or less extent, by ligatures of variable sizes, whilst
others depend upon a dividing constriction alone.

The opinions which for some time, have been generally received in Britain
on this head, are, that “instead of simply producing an approximation of the
“ opposite sides of the vessel, the application of a ligature to an artery is the
« performance of a distinct operation upon it, producing a wound in its
“ internal and middle coats, which gives rise to an effusion of lymph, whereby
. “ the opposite surfaces of the extremity of the vessel are united in the same
“ manner as soft parts, in general, are healed by the adhesive inflammation.”

If it be admitted that a division of the two internal coats of an artery is
necessary for its obliteration by the ligature, Dr. Jones possesses the merit of
being one of the first in pointing out this circumstance, and confirming his
views by experiments; for although Desault was aware that such was the
effect of the application of a single thread, he viewed this result rather as a
cause of alarm, and an occurrence to be avoided, than as earnest of the future
and decided success. Participating in these opinions, Scarpa proposed and
practised a mode of operation, which, in principle, diametrically opposed
that of our countryman. The former always being anxious to maintain the
integrity of the middle and internal tunics of the vessel, and the latter
-equally desirous of destroying it. Scarpa’s arguments have upon the conti-
nent maintained considerable sway, and produced some influence on the
minds of our own surgeons, although the bulk of their practice favours the
opinions which have been deduced from the results of Jones’s experiments.

Notwithstanding, however, the decided preference which has been given
to the use of a single thread, as a ligature, for the purpose of effecting a
section of the two inner tunics, the precise mode is by no means unanimously
determined, in which the successful termination of the operation is obtained ;
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as to what conditions are essential, and what accompany, but afford no
assistance in the closure of the calibre of the vessel. Is the clot, for instance,
a non-essential ? Jones makes the following remark; «But the formation
“ of this coagulum is of little consequence.”*—*It seems to be entirely
“ owing to the effusion of lymph by which this adhesion is effected, that the
“ coagulum of blood, formed within the artery, is sometimes found adhering
“ by a small part of its base to the extremity of the artery.”t Guthrie states
that his “ observations have not led him to believe that a coagulum is absolutely
“ necessary to the permanent closure of an artery—although it certainly assists
“ in maintaining it.” Travers says, “ I pass over the clot of blood, because
“ its presence is accidental, though not always unimportant;”} and again, “this
“ case exemplifies an accidental advantage to be derived from an internal
“ coagulum of blood,” § or must Manec’s opinion be received that its presence
is an absolute requisite. “ It hence appears, that a coagulum of considerable
“ size is absolutely necessary, for securing the success of the operation, when
“ performed upon a vessel of a large or middle size, as for instance, the femoral
“ or brachial arteries.” |

When taking a retrospective survey of any Science or Art, it is singular
to observe, how slowly the ladder of Truth is ascended ; especially when
constructed upon the deductions obtained from the investigation of experi-
mental phenomena. The observations which were first made upon the
mode of effecting the obliteration of an artery by the application of a
ligature, induced the belief that it was produced by the presence of the
coagulum alone : but since the process of the adhesive union of a simple
incised wound has been better understood, the opinion has been generally

# Jones on Hemorrhage, page 160. 1 Ib. 160.  } Med. Ch. Trans. Vol. iv. p. 445.  § p. 454.
Il Vide Op. Seq. Part II.
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received, as proved by the preceding extracts, that the closure is mainly
attributable to the latter cause: and it will not be erroneous to say, that
this has been accepted as the sole means of accomplishing this.end ;
for a very eminent surgeon, who has been also just quoted, makes this
assertion, that “the obliteration of an artery, tied with a round ligature, is
Sonly the cicatrization of this cut”* Manec, however, maintains that both
these operations are required for securing effectually the success of the
operation. The following opinions advanced by Jones, when treating upon
this subject, so admirably anticipate any remarks which might naturally
be advanced upon those differences of opinion, which often occur, even
when the conditions which are their source correspond, that they do not
reqhire addition, and will not bear any subtraction. « It is obvious,” he
says, “that a connected series of observations can alone afford a full and
“ satisfactory view of the subject: such a series, whilst it confirms and
“ reconciles most of the facts on which preceding theories were formed,
“ will prove them to have been deduced from too limited an investigation :
% and induce us to suspect, that, in some instances at least, their authors
“ have been influenced by a spirit of opposition and innovation, and an
# unjustifiable propensity to assign the whole effect to one circumstance alone,
“ regardless alike of the observations of others, and of the general analogy
¢ of the operations of the animal economy.”

In the following translation, these principles appear to have been acted
upon, and the deductions offered from numerous experiments which have
been made upon this interesting subject, during a series of years, with the
utmost care and minuteness of observation. Our author after having in the
introductory portion of the work taken an anatomical survey of the parietes

* Travers. Med. Chir. Tr. Val. iv.
C
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of an artery; proceeds to point out, under the head of general principles,
the mode which nature adopts for the obliteration of the arterial cavity,~the
object to be kept in view in applying a ligature—the relative value of the
various kinds of ligatures; and, lastly, in the third or practical part of the
work, developes in detail the anatomy of each artery individually, and
describes the kind of operation which is best calculated for ensuring sucoess,
and securing those conditions the existence of which his previous observations
have proved to be necessary. The whole being embodied, forms a complete
treatise upon this special subject, which it is hoped will be favourably
received by the profession; especially as the works of Jones and Hodgson
have been some years out of print.

Truth, the aim and end of every scientific research, and more especially of
that, the object of which is to render the most effective assistance under
those imminent perils of life to which all men are exposed, can never be more
effectually and rapidly advanced than by comparison, and the utmost freedom
of enquiry ; of every nation and every clime it stands forth pre-eminently
beautiful when fresh chiselled from the mass of error, consfusion, or hypo-
thesis, in which it is too frequently embedded.

In order to prevent the indulgence of any partial views, or the too ready
admission of misinterpreted facts, it is very important to know the prevailing
opinions upon the subject, in as much as they usually influence such as may
have been immediately advanced upon the question, or have originated a
certain series of experiments. The translators, therefore, being wishful to
give the most complete and ithpartial exposé of which they were capable, and
thoroughly unbiassed by any consideration of name or country, have felt it to
be their duty to make very copious selections and extracts, not of paragraphs
merely, but, in some instances, even-of pages, from the writings of most
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modern authors who have treated upon the ligature, which have been added
to the original work, either in the way of note or as appendices. It will be
scarcely necessary to enumerate the works of Cooper, Gordon, Guthrie,
Hodgson, Jones, Leennec, Lawrence, J. F. Meckel, Scarpa, Travers, Velpeau,
and Thiorry, because each will suggest itself to the surgical student, as &
source from whom information may be procured ; and it is still less requisite
to recommend a perusal of the original authors themselves. But whilst
the observations of these gentlemen have been copiously extracted, and
to that extent that a partial repetition of words may occasionally be found
to occur, in every instance, each has been respectively appropriated to its
author, in precisely the same terms in which himself gave it to the public:
for the reputation of any editor has deservedly a short endurance if founded
merely upon any self-appropriation of the knowledge of another, the
property which himself possesses in it, depending only upon the title of
having clothed it with a verbiage of his own.

The reader will thus obtain information of the notions entertained upon
the subject by others, which he can use as criteria in forming his judgment
upon those advocated in the text of the author; or, reversely, he can
employ the text for the purpose of testing the opinions of others. The
examination of conflicting opinions with each other is always beneficial, from
the greater attention which they induce ; and the very contrast itself will often
point out a valuable truth, or detect a serious error, which otherwise might
pass unnoticed : whenever, therefore, the statements made in the body of
the work are contradicted, or rendered dubitable by a note or appendix
which has been added, or when the contrary occurs, it must not be re-
garded as an accidental occurrence, but indicative of a fact, the existence
of which is still uncertain, or which has now been incontrovertibly proved.
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The translators, anxious to do some service to the profession to which
they belong, are readily content to place themselves in the humble rank
of those who are wishful honestly to diffuse correct opinions, from what-
ever source they may be derived : and, as comparatively few of its members
have the opportunity, both from their situation and leisure, of making
those experiments upon any particular. subject, which will enable them to
draw: general and correct deductions, and moreover, as all men cannot fulfil
offices of equal importance, they are encouraged to believe that in under-
taking the humble labour which, in the present instance, they admit to
have been self-imposed, they will be considered to have been not altogether
negligent in performing the duties which they owe to mankind.

Halifax, 1st Nov., 1832.




PART 1.

INTRODUCTION.

Tre human body is composed of various systems and organic apparatus :
some of these, as the bones and muscles, determine its size and general con-
figuration—some support these parts, by conveying to them elementary or
molecular reparative principles—and others excite their action by commu-
nicating that power which is requisite for producing sensation and motion.
Both the latter functions are performed by the nervous system, and its existence
is so essential, that although the body possessed every perfection of structure,
beauty, and symmetry of figure, and yet were destitute of this component part,
it would be altogether defective as a living being, and as incapable of re-
ceiving the slightest impression from the external world, as of executing the
most simple physical and moral action.

The circulatory system is the chief agent of nutrition—after having received
the molecular principles that are prepared for the maintenance and increase of
the animal organism from the digestive organs, it effects their combination,

and conveys them into one common centre ; thence, after being subjected to
D
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the influence of respiration, and converted into blood, to be again distributed
to every part of the economy with varying degrees of velocity. Physiology
proves that nutrition is effected during the passage of the blood through the
interior of the organs, at which time they select from this fluid the elements
which are necessary for their reparation and increase, and the composition of
their secretions.

If a body, therefore, be destitute of nerves, it possesses neither sensation nor
motion ; if the circulatory apparatus be wanting, it is incapable of develope-
ment and duration ; the one being absolutely necessary for organic, and the
other for animal life.* Since both orders of organs thus possess the highest
importance, the physiological physician, as well as the scientific practitioner,
must feel the deepest interest in whatever relates to the study of their
organization, developement, functions, and diseases.

In the following work my researches extend only to the circulatory system,
and even to this, only partially, as the aorta and the branches arising from its
divisiens; and subdivisions, to the fourth or fifth degree, are alone considered;
but ‘notwithstanding the limited range which this division bears with respect
to the entire system, it exceeds in importance the whole of the remaining
portions. . The rich and vivifying blood which supports the vitality of every
part,is directly transmitted from the heart into this division of the sanguineous
system ; and it solely contains the entire quantity of that portion of the nutri-
tive fluid which is placed under the immediate agency of the contractive and
moving power of the organ. If, therefore, the continuity of its parietes be
destroyed by any rupture or wound, the loss of blood will take place with
much greater rapidity than if the same accident occurred in any other part of
the circulatory circle; and, as the life of the whole animal economy is main-
tained by its presence, the eonsequences of its escape will be instantaneously
perceived.

* An exception, however, must be made of some classes of inferior animals, in which assimilation is performed,
although they are apparently destitute both of vessels and nerves.
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It must appear, therefore, from these remarks, that the discharge of arterial
blood from its vessels, or.in other words, arterial hemorrhages, are accidents of
an extremely severe character, and that if assistance be not promptly afforded,
the life of the patient.is placed in immediate danger. Hence, Morand has
said, “If the cause of death in the field of battle be accurately ascertained,
“ it will be found that three-fourths of .the sufferers die from hsemorrhage :
“and, in the important surgical operations, an accident of this nature is
“ almost always of a formidable character.”* Whatever then relates to
the treatment of arterial heemorrhage merits the surgeon’s deepest attention.
In the following work, I propose minutely to explain every particular and
modification of the most valuable remedy which Surgery possesses for the cure
of accidents of this nature—the ligature.

But before advancing any remarks upon ligatures themselves, it will be
advantageous to make some general observations upon the form and structure
of arteries, for the purpose of enabling such readers as are not familiar with
anatomical enquiry, capable of appreciating the consequences which directly
result from the use of ligatures of various kinds, and of tracing the progress of
the consecutive phenomena which succeed their application with a degree of
accuracy, not inferior to his who may already possess such information.

Tae ArTERIES contain the red blood, and form canals which extend from
the left ventricle of the heart, to the capillary vessels. Anatomists usually
describe them as bearing a general resemblance to a tree, the trunk being
represented by the aorta, and its branches, by the very considerable number
of ramusculi which this artery gives off. In considering the aorta as the
arterial trunk, the branches which it furnishes will be distinguished into
such as arise from it directly, being its divisions, and such as arise fram these
branches themselves, and constituting its subdivisions. The branches of the
first, second, third, and fourth divisions, never communicate with each other,

* Mémoires de I' académie royale de chirurgie, tom. 12, p. 159.
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the only exception to this general rule, occurring in the two mesenteric and
vertebral arteries; but although the vessels of the extremities, which are of
larger size, do not anastomose with each other, this is compensated by their
becoming proportionately more numerous as they approach more nearly to
their ultimate ramifications. The multiplication is so far continued as to
form that perfect network in the substance of the tissues which renders it
impossible to introduce the most sharply pointed instrument, without wound-
ing a considerable number of these minute vessels and occasioning a discharge
of blood.

Arteries do not possess the same structure throughout their course ; or, at
least, if they are composed of the same elements, these undergo peculiar
modifications according to the capacity of the vessel which they form: for
the organic layers, which are very visible and distinct in the larger trunks
of the arteries, diminish in size and are found with difficulty, in proportion to
their distance from the centre: and if they can be at all admitted to exist in
the branches of the sixth or seventh division, the conclusion is rather an
analogical than demonstrable result. We shall not occupy ourselves with
any attempt to determine this point of anatomy accurately, but proceed to
give a summary of the researches which have been made for the purpose of
ascertaining the structure of arteries, as exhibited during the different ages of
man and animals of different species. If the design of the work had not
been strictly surgical, some remarks might have been offered in support of
the opinion of Professor Serres, upon the analogy and resemblance which
different arteries arising from the aorta bear to each other, but to treat of
these facts of organic anatomy in the manner which they deserve, would lead
us too far from the subject immediately in hand.* (ArPENDIX A.)

* M. Serres has proved that every branch which arises directly from the aorta presents a similar series of
rami ; thus, if the branches produced by the divisions and subdivisions of a primitive carotid, a subclavian, a
primitive iliac, and an intercostal artery, be compared with each other, it will be found that all these primitive
trunks furnish nervous, glandular, muscular, and cutaneous branches; the only exceptions which occur to this
rule being found in the trunks which he calls the digestive, viz. the two mesenteric, cceliac, and cesophageal
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The parietes of an artery are formed of three layers or tunics: the first,
external and of the nature of cellular tissue, unites the artery to the parts
by which it is surrounded ; the second or middle tunic is essentially fibrous,
and gives to the artery that particular character which distinguishes it from
every other vessel: lastly, the third is very thin, and lines the internal surface
of the middle coat, and does not appear to differ from that which lines the
interior of the veins.

Before commencing a particular description of éach of these membranes,
it must be observed that the principal arteries are inclosed in a kind of
cellular canal, which has been designated by anatomists—the proper sheath
of the arteries. The boundaries of the external surface of this envelope are
not distinctly marked, a continuation with the surrounding tissue being
formed by numerous processes, in such manner as to occasion great difficulty
in a.scértaining its commencement and termination: its internal surface, on
the contrary, is very distinct from the cellular membrane of the artery. As
these two parts are merely united to each other by cellular and vascular
filaments, of an extremely delicate nature, their connexion is easily destroyed,
a separation, in fact, taking place for an extent of several inches, if a very slight
degree of traction is applied to the vessel in a longitudinal direction. A
small quantity of serosity constantly bedews the tissue which is intermediate
between the arterial sheath and its external membrane : this maintains the
suppleness of the parts, and considerably facilitates their double motion, of
dilatation and locomotion.

Arteries of the fourth or fifth order, as those of the fore-arm and leg, do
not possess any distinctly marked proper sheath, and their external mem-
brane has, consequently, a direct continuation with the surrounding cellular
arteries. The renal and spermatic arteries are purely glandular. The same Professor has also remarked that
the connexions of the large arterial, with the large venous trunks, follow an inverse ratio, according as they are

observed in the superior or inferior parts of the trunk. Itis to be hoped that from these fundamental data
some general principles, as to the relations which the arteries and veins of extremities bear to each other, will

be deduced.
E
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tissue. A knowledge of this fact will explain why the difficulty is greater
of insulating small than large arteries.

Or thHE ExXTERNAL MEMBRANE. After what has been advanced, it will be
supposed that the union of the external or cellular tunic of the large arteries,
with their cellular canal, 1s feeble and uniform ; whilst in those of smaller
dimensions, it will be found to be very irregular, and usually much stronger.
Arteries thus maintain a communication with the surrounding parts by
means of the connexions which are formed with the external surface of their
cellular tissue; and these almost exclusively maintain their vitality. This
fact, however, will be considered afterwards.

The internal surface of the cellular, is very strongly united with the
external surface of the middle tunic; it being impossible to trace any dis-
tinction between these two membranes, except that which is produced by a
difference of structure. They are united by small and very numerous threads
of cellular texture, which are inserted between the fasciculi of the most
superficial fibres of the middle membrane, and are incapable of separation,
except it be accompanied by their rupture. When it is attempted it fre-
quently happens that a part of the superfictal fibres of the middle tunic
remains attached to the cellular membrane, and it thus becomes very evident
that they only adhere to the cellular tunic by their middle portion.

I have observed that a peculiar layer is invariably present between the
external and middle tunics of the aorta of the ox, which differs considerably
from these two membranes, both in its component elements and structure.
In the arch of the aorta it is very distinct, being at least half a line, and
occasionally almost a line in thickness. Its rosy hue perfectly distinguishes
it from the middle tunic, and an areolar structure renders it equally difficult
to be confounded with the cellular membrane.

Small bodies of a greyish colour are placed in the areole, similar to those
found in that portion of the fibrous tissue placed externally to the posterior
part of the mucous membrane of the trachea ; they appear of larger size, and
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to be small glandular follicles. This layer is easily detached from the cellular
membrane, but adheres very strongly to the yellow or fibrous tuniec.

My researches upon this tissue, in animals of various species, have not been
sufficiently extensive to emable me to state in which it is present or absent.
In dissecting, however, the aorta of many human subjects, I have frequently
and very distinctly found a layer situated intermediately between the
cellular and middle tumics, and although I have been umable to detect any
organization similar to that which I have described-as found in the ox, it has
corresponded neither with the external nor middle tunic.

The cellular tissue forming the extermal tumic, is composed of filaments
which interlace each other in a felt-like manner, and adhere more intimately
together in proportion as it is situated nearer to the fibrous tissue. Blood
vessels very evidently enter into its formation ; these are of two orders; ome
series arising from the artery itself upon the parietes of which it is dis.
tributed, and the other from the adjoining vessels: these eonstitute the
vasa vaserum of the ancients. This membrane is also pierced by extremely
mimute filaments furmished by the grand sympathetic nerve. In the ordinary
mode of dimecting an artery, nerves are not perceptible; but they may be
rendered apparent by meacerating for four or five days in dilute nitrie acid,
those portions of the artery upom which it is intended to experiment and
demonstrate their presence. It thus appears that the external tunie of an
artery is not characterised by any particular formation or tissue, which does
not correspond with those usually pessessed by cellular substance. Blood
vessels and nerves are distributed generally throughout the animal economy -
but the membrane, which is pext to be examined, will be found to possess »
different structure. (ArrENDIX B.)

Or tHE MIDDLE OR FIBROUS Tuwrc. This membrane eorresponds, as was
observed, with the cellular membrane extemnally and with the third tanic of
the artery internally-—and its thickness, when compared with the external and
internal coats, is considerable : the disproportion however in this respect is not
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general ; for whilst the tunic is very distinetly marked in arteries of consider-
able size, it gradually disappears in those of smaller dimensions. Its colour
also varies with the size of the arteries, being yellow at the arch of the aorta,
of a whitish yellow in the iliac and crural, and of a rosy tint in the small
arteries. I'or the purpose of accurately exhibiting the imperceptible grada-
tions of shade from one colour to another, which nature has produced, the
aorta and one of its principal branches, as the iliac or subclavian, must be
opened through their entirc extent as far as their ultimate divisions.

The density of this membrane in large arteries is very similar to that of
ligaments: it is always in the direct ratio of its thickness: its organization is
very simple, being formed almost entirely of a peculiar tissue, and giving very
trifling indications of the presence of cellular substance. 'This tissue, which
for a long time has been regarded as muscular, is formed of curved fibres,
which vary in length from one or two millimetres to two thirds of the circum-
ference of the artery. The length of those most superficially placed is the
greatest, and it gradually diminishes in proportion as they are more deeply
situated or more nearly approach the third coat of the vessel ; in consequence,
therefore, of this arrangement, they form concentric layers, which increase in
length as they become more superficial. When a transverse section is made
of the arch of the aorta, and it is examined either with the naked eye or by
the glass, this fact may be very distinctly observed ; it will also be at the same
time observed, that the extremities of these circular fibres do not terminate
in the substance of the layer which they form, but that the whole bend in-
wards to the internal tunic, to which most of them adhere, after having passed
between the fibres, or bundles of fibres which are placed below them.
Those only which are placed superficially do not reach this point in a direct
line, at least in a manner which can easily be recognised : but intermix with
the extremities of the decpest layer of fibres, upon which they are in reality
inserted.

The extremities of thesc fibres which form the deep layers of the middle
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coat pass directly to the internal tunic, but before coming into contact with
that membrane, their direction is entirely changed, in consequence of a torsive
motion, so that they no longer follow a transverse but longitudinal course :
and when this is effected they cross each other, and thus assume the figure of
a small hook.

It appears also in addition to this, that after the two fibres or small fasciculi
have intersected each other, one extremity is turned either upwards or down-
wards, whilst the other takes an opposite direction: but, although I have never
succeeded in carrying dissection so far as to trace a fibre throughout its entire
course, I believe that this is an accurate description, because the thickness of
the membrane is increased at the point where the direction of the fibres
becomes changed. This is situated very near the internal surface of the
middle membrane. Externally the direction of the fibres is transverse and
curved, whilst internally it is longitudinal : and the length of the latter portion
of the fibres, which have undergone this change, appears in a large artery to
be one or two millimetres.

This arrangement can be very easily observed in the aorta of the ox, by
macerating a portion in water for three or four days, carefully taking away the
internal tunic, and then examining the fibrous tunic with a lens; small longi-
tudinal striee are then distinctly seen to be united laterally, and sometimes
rather inclined towards each other: the presence of these striz, or lines, has
induced the most distinguished anatomists to believe that longitudinal fibres
enter into the structure of arteries. In consequence of the intersection
which has been described, the internal surface of the middle tunic is dissected
with very great difficulty, and the vessel here receives a greater degree of
firmness and compactness of structure, than can be found in any other part of
its calibre.

From what has been advanced, it appears that the convex surface of the
middle tunic of an artery, adheres to the cellular tunic by the middle portion

of its fibres, and that it is united with the internal membrane by the inclined
F
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~ extremities of these same fibres: thus, whilst the internal surface of the middle
tunic derives great strength from this arrangement, the reacting motion which
this membrane performs, in consequence of its elasticity, after having been
distended by the blood, is materially facilitated. For this elastic power must of
necessity be increased, and its action and developement assisted by the extent
of insulation and freedom in which the middle portion of each fibre exists.

From observations which I have made upon the formation and develope-
ment of aneurisms in man, I have been induced to perform experiments upon
animals, which prove that the internal surface of the middle membrane is
alone capable of preventing an infiltration of blood, should any cause have
destroyed the internal membrane.

Having laid bare the primitive carotid artery of a dog, compressed the lower
portion, and placed a ligature upon its termination, the vessel was divided be-
low this point, and a cataract needle introduced, with the point of which the
internal tunic was torn through as deeply as possible, in several parts; the end
of the artery was then tied, and the edges of the wound brought together.

Four days after this, a similar experiment was performed upon another
animal, and the day after, both were killed.

When the dog was examined, which was experimented upon the day before,
it appeared that the needle had produced several lacerations in the parietes
of the artery. Some of these affected the internal tunic alone; whilst others
extended to the deepest layers of the fibrous membrane ; destroying and tear-
ing through the intersection which is formed by the extremities of the trans-
verse fibres. In the first instance, the blood had not penetrated the tissue,
but in the second, the fibres of the yellow membrane were observed to be
invariably infiltrated with this fluid; and in two points, the infiltration
extended to the surface, which was probably attributable to the deeper
penetration of the needle in these situations.

A similar infiltration of blood was witnessed in the other dog, but it was
accompanied by a commencing absorption of the smaller coagula, which had
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been formed in the adjoining part: no laceration of the internal tunic could
be observed, some portions only of the membrane were thickened and appeared
not to be so smooth and shining as the rest. I think that in these situations
the internal tunic had been ruptured by the needle, and that the thickened
portions were only cicatrices, or partial reproductions of the tunic. It will
afterwards be shown that either state may exist.

It hence appears, that this arrangement of the fibres, composing the middle
tunic of the arteries, (and which is now pointed out for the first time) pro-
duces two results: 1. That of increasing the elastic power of this membrane,
by giving to each of the fibres a double insertion, at the same time leaving
the middle portion in a state of perfect freedom: and, 2. That of opposing an
insuperable impediment to sanguineous infiltration when the internal mem-
brane is destroyed, by means of the intimate connexion of the extremity of
its fibres, and the singular tortion which they undergo before they assume the
longitudinal direction. :

If the experiments which have been detailed appear insufficient to prove
the latter fact, attention must be given to what is found to occur when an
artery is affected by cartilaginous and osseous plates: for, notwithstanding
that in these cases, the blood easily reaches the middle membrane in many
points, by passing through the fissures which separate the morbid plates from
each other, aneurisms are very rare, if the frequency of their occurrence be
compared with that of arterial ossification ; a sufficient proof that the mere
contact of blood with the membrane, in an unprotected state, is insufficient
for the production of an aneurismal tumour:* another circumstance being

* « Of all the causes capable of producing the rupture in any part of the proper coats of the aorta, especially

" the internal, I have great reason to believe that the slow morbid ulcerated, steatomatous, fungous, squamous
degeneration of the internal coat of the artery, has a share in it much more frequently, than violent exertions
of the whole body, violent blows, or an increased impulse of the heart. The artery is nourished, and increases
in the same manner as all the other parts of the animal body ; it is vascular and organized, and therefore must
be subject to the diseases to which vascular and organized parts are liable. And it is a fact, of which no doubt
can be entertained, that the proper coats of the aorta, and especially the internal coat, are subject from a slow
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required in addition to this, viz. some effort which is capable of producing a
rupture, or simple fissure in the internal surface of the fibrous membrane.*

The fibres of the middle membrane of an artery, are connected together
by a very short and spare cellular tissue; which, though very apparent in
its external layers, is distinguished with increasing difficulty as it approaches
the internal surface. The membrane itself is brittle and easily broken by
any bruising body. If torsion be applied in the transverse direction of its
fibres, the internal surface cracks, and again offers a resistance : repeated
efforts are necesary gradually to rupture its different layers, because the
extensile power can only act fizst upon the deep, and afterwards on the su-
perficial fibres. But if the same force be applied in the longitudinal direction
of the artery, the internal surface is ruptured, and the portion which is
experimented upon, divides at once, no repeated attempts being required.
This. is a necessary result, because in the latter instance, the fibres being
merely placed in lateral juxtaposition, there is nothing to prevent the
separation of the remaining portion, after the resistance, which is produced
. by their intersection, has been once overcome. (ArrEnDIx C.)

Although the structure of this membrane must possess vessels and nerves,
anatomical research has failed to detect their presence : for these general
systems, like that of the cellular tissue disappear, and are lost in a very
considerable quantity of a peculiar yellow, or fibrous substance, which is
internal cause, to an ulceraled, and steatomatous disorganization, as well as to a squamous and earthy rigidity
and brittleness. Read upon this subject what has been written by Bonetus, Lieutaud, Morgagni, Haller,
Lancisi, by Guattani, Matani, Borsieri, Desault; and further, let any one skilled in the dissection of the
human body consult his own observations, and it will appear that these morbid degenerations of the internal

coat of the arteries are often, especially, in the curvature, thoracic, and abdominal trunks of the aorta.” Scarpa
oN ANsurisM. Wishart, p. 84. (Trs.)

® It may be here remarked, that spontaneous aneurisms in the extremities, almost invariably occur near the
large articulations, as the shoulder, knee, &c. and also that arterial ossifications are less frequent in these
regions than in any other portion of their course : it appears, therefore, the occurrenc® of aneurisms is not
facilitated by the denudation of the middle tunic of an artery, but rather by that diminution of extensibility,
which always accompanies the presence of cartilaginous plates, and the exposure to more or less severe exten-
slon, to which from situation it is liuble.
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characteristic of the arterial middle coat: they may be distinguished, how-
ever, at a very early period, if the tunic be examined before this substance
is considerably developed, especially in the aorta of the embryo of the cow.
In man I have only succeeded in injecting them in the two umbilical
-arteries. (AppenDix D.)

INnTERNAL Tunic. This tunic presents, like both the others, an external and
internal surface : the former is connected with the coneavity of the fibrous
‘membrane, to which it adheres, by means of a peculiar tissue which bears no
analogy with the ordinary cellular texture : the latter is concave, and in perpe-
tual contact with the blood : it is smooth, polished, and shining, like a serous
membrane, from which, however, it differs in possessing a peculiar character,
readily detectable by the eye. I refer to a villous appearance which is not
found in serous membranes, and a degree of transparency very similar to that
of ground glass ; whilst this property, as exhibited by serous membranes, is
‘exactly similar to that of common glass, which is somewhat dirty.

The difference in organization is not less striking. A serous membrane
is composed of numerous filaments of cellular tissue, of an extremely delicate
nature, which intersect each other: the internal membrane of an artery, on
the contrary, examined even by the lens, presents no similarity to this; its
appearance is uniform and distinctly formed of globular molecules, each bear-
ing the same relative position to the other. When a portion of serous
membrane is viewed under the microscope, it is also found to be composed of
globules: but in this membrane their disposition is longitudinal, thus forming
an elementary fibre, which, by an intersection with other fibres of similar
structure, compose the web of these membranes.

It appears from these facts, that the internal membrane of an artery possesses
a lower degree of organization than a serous membrane ; that it is capable of
less resistance, and that it is ruptured by the slightest traction: in this respect,
as well as in the nature of its elements, it strongly resembles the membrane
which forms the sac of small hydatids: for this, like the internal coat of an

G
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artery, is always broken by the slightest effort ; an accident which takes place
in no other membrane except the retina. It would appear that the internal
tunic of an artery, and the thin membrane of a hydatid, differ from each other
in this respect only—a considerable quantity of albuminous serosity is inter-
posed between the globules of the latter, whilst, between those of the former
this fluid has no sensible existence.

Whatever be the identity and relation of the constituent molecules of the
internal membrane of an artery, since it is invariably found to have a very low
degree of consistency, and that it is ruptured by the slightest pressure, it
cannot be supposed capable of increasing the resistance of the arterial parietes;
and such, in reality, does not seem to be its intention, its use being to facilitate
the progress of the blood through the interior of the arteries; a function which
it the more easily performs because, in addition to the smoothness and polish
of its surface, it is always smeared with an unctuous coating, which is readily
perceived on opening an artery some_time after death, and passing the finger
over its internal surface. This operation very perceptibly detaches from the
parietes a peculiar substance capable of very slightly soiling the fingers. The
important office which it performs in the obliteration of arteries, will hereafter
be explained. :

I have performed some experiments upon living animals, for the purpose of
elucidating the existence of this unctuous matter and its mode of production.
The following plan was pursued, which enabled me to make these observa-
tions : 1. Having exposed the primitive carotid artery of a dog, and applied a
ligature upon each extremity, an incision was made below the upper: the
blood contained between the two ligatures was allowed to escape, and the
vessel was even squeezed lest any portion should be retained; the extremity of
the emptied portion was then tied. 'The same experiment has been frequently
repeated both upon the dog and rabbit : the results have varied considerably,

according to the species of the animal and the particular state of each indivi-
dual of the same species.
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When the dogs were examined, eight or ten hours after the operation, the
unctuous substance which has been mentioned, was constantly observed to be
accumulated in great quantities upon the internal membrane of the artery,
(over which it was uniformly spread,) and was readily detached by scraping it
with the tip of the finger. It always varied in quantity with the age and
state of health of the animal.

In very young dogs, and such as were debilitated by abstinence, or any
other cause, the quantity was less, more fluid, and less plastic than in those
in an opposite condition ; an exception, however, being made of old animals,
in whom the results corresponded with those obtained from such as were
~ younger but in an infirm state of health. A frequent repetition of the same
experiment in the rabbit, has afforded a similar exudation, though of an
inferior degree, the exhaled substance being less plentiful and unctuous than
in dogs.* -

In other animals, a portion of the artery was everted, so that the internal
membrane was placed externally, prior to the tying of its open extremity :
‘being thus exposed, a part was taken away and the vessel returned to its usual
position; when it was examined, the unctuous matter was found not only
upon the internal membrane, but the portion of the middle membrane which
was denuded. When the experiment had been performed a few hours only,
(eight or ten for instance) the unctuous matter which was collected within the
artery possessed the same characters throughout; but at a later period,
(thirtysix or forty-eight hours afterwards) its appearance and properties
varied according as it was examined in the internal or middle membrane-:
on the latter, its quantity was much greater, its adhesion to the artery more
intimate, and its consistency throughout more entire.

® As the quality and quantity of this substance, plastic or coegulable lymph, ps it is called, varies both in
man and animals, with the age and constitution of the subject, it explains why the ligatures of large arteries,
unite more frequently in young subjects and persons of good constitution, than in those of feeble strength and
advanced age.
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From these experiments it inust be concluded : 1. That the internal memn-
brane of an artery is not the only source of the fluid by which it is lubricated:
2. That the middle membrane contributes to its formation, inasmuch as it
appeared upon the internal surface of an artery, which had been deprived of
its internal tunic. 3. That from the difference observed upon the examination
of both of these membranes, the internal and middle, 1t must be said, that
it is more plastic and easily coagulated when furnished entirely by the
latter of these tunies.  Its plasticity under these circumstances is so great,
and its character when condensed becomes so similar to that of the internal
membrane, that it is very probable that it reproduces the latter membrane,
if from any cause it should have been destroyed.* This reproduction or
compensation, however, is only effected when all the vital powers of the
fibrous membrane are maintained : for, neither unctuous matter, nor plastic
layer, is to be found upon those portions of the middle membrane, which
form the interspaces, and separate the cartilaginous or osseous plates of a
discased artery from each other.

In its healthy condition, no vessels or nerves can be detected in the
organization of the internal membrane of arteries. It may be supposed,
from what has been said, that it does not possess any peculiar physical
properties by which the power and resistance of arteries can be increased ;
for it is torn and ruptured by the slightest pressure of any substance.

It hence appears, that of the three tunics which form the arterial parietes,
two, the internal and median, are divided and easily ruptured by any slight
pressure or reaction: the external tunic alone directly opposes the force of
any bruising bodies, whatever be the constricting power, and does not yield
under any elongating force, until the other two have been some time
ruptured. Cutting instruments alone are capable of dividing it at once,
and without difficulty. (Arprexpix E.)

* These experiments have not been repeated sufficiently often to enable me to say that this reproduction
positively takes place, but the probability of this is very great.
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Having now ascertained the nature and particular arrangement of each of
the three tunics of the arterial parietes, as well as the special characters of their
vital powers, it remains to point out the resources which they confer upon the
surgeon, when he is reduced to the necessity of effecting the obliteration of
an artery: indeed, the phenomena which precede and follow the process,
solely depend upon the properties of the parietes of these vessels. We shall
proceed to shew that these phenomena or symptoms present numerous
varieties, which are attributable, 1. To the size, form, and nature of the
means employed in suspending the sanguineous circulation in the artery:
2. To the magnitude and particular state of the vessel.

To enable the surgeon to choose the kind of ligature which will best
answer his purpose, it is necessary to detail the experiments which have been
made on this subject. After Desault had proved that the internal and middle
coats of an artery are always divided, when a ligature is applied and tightened
upon it, several surgeons in common with this celebrated individual, were
anxious to contrive some means capable of effecting an obliteration of the
vessels, which, at the same time, would not cut through the membranes ;
hence originated the improvements and inventions of all the presse-arteres
which were so highly extolled in France at the close of the last and com-
mencement of the present century.* The invention of instryments of this

® « Aneurisms of various arteries have been cured by the steady application of pressure. Numerous and
various modes have been adopted according to the parts in which the aneurism was situated. Sometimes
pressure was applied to the aneurism alone, sometimes on both the aneurism and the lower portion of the
extremity ; or above and below the tumour. When the compression was applied to the aneurism itself, or
both the aneurism and the extremity at the same time, it was generally effected by the external application of
bandages of various kinds with the interposition of metallic plates : but if the artery was compressed above the
tumour, it was usually bared and metallic instruments of different forms were placed upon the vessel in such
manner as to maintain its two opposite internal parietes in close contact, without occasioning any rupture.
These inventions were called presse-arteres. * Assalini’s is nothing more than a small pair of silver forceps,
the blades of which are broad and flat at their extremities, between which the artery is compressed. A spring
composed of a piece of elastic steel, is attached to the inside of one of the handles, and by pressing against the
opposite handle, retains the flat ends of the blade in contact. The spring is intended to be very weak in its

H
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nature proved, that the notion entertained respecting the consequences of an
spplication of a ligature to an artery were very indistinct—had this not been
the case, they would have experienced but little alarm in cutting through the
two internal membranes; nor would they have thought that this operation
weakened the artery without forwarding the process of obliteration.

Bichat was influenced by this opinion when he said, “There can be ne
“.doubt that no tissue is so fragile, if the expression may be allowed, as the
« arterial, and consequently none which it is so improper to include in liga-
“ tures. How does it happen that this is the only one upon which it is
“ necessary to apply the ligature?”* In thus expressing himself, Bickat
drew his conclusions from the immediate results of the ligature of an artery,
as applied either upon the subject, or the living body. But he ought to have
proceeded further : had he not neglected to trace the operations of nature
step by step, and from stage to stage, he would have seen, that as the ligature
makes a clean and regular section of the two arterial tunics, it induces the
state 'which is more favourable for procuring an early closure, than those pro-
duced by instruments, which effect an irregular division of the same tunics,
a8 broad and tape-like ligatures ; or, than by those which merely approximate
the opposite parietes of the vessel, as the presse-arteres. In the first instance,
tiee wound has a simple character, and unites by the adhesive process: whilst
in the latter, the parts are contused, and suppuration must take place before
the adhesion of the lips is sufficiently strong to be capable of opposing the
transmission of the blood : in the last case, the arterial parietes, being only
approximated, the tunics are not in contact; moreover, the succession of
the phenomena necessary for effecting an obliteration of the vessel, occurs
only very slowly, and it always happens that the irritation produced by the

operation, but by means of a screw which passes through the handles, the pressure admits of being regulated

and increased at the option of the surgeon.” 8. CooPer. See also his First Lines, PL. L. fig. 8. See also
Hobeeon, p. 592. (Trs.)

* Anatomie générale, t. 2. p. 282.
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pressure of the presse-artere upon the living tissue, is succeeded by that
degree of suppuration which is destructive of the process which nature
wishes to establish, for the purpose of attaining the object of the operatiom
~—obliteration of the artery.

In the ignorance or misconception of these facts, most surgeons have em-
ployed and recommended the use of broad and flat ligatures, and stated, that
their size ought to be proportionate with that of the vessels. On this latter
point, the error was extreme; for it will afterwards appear, that the use of
small and round ligatures is essential in the large arteries, because the
vitality of their parietes is less than that of the smaller vessels.*

When a principle is adopted which is erroneous, the conclusions drawn from
it must be erroneous alsa; hence it is that Scarpa, who has performed such
sumercus experiments upon this subject, has invariably wandered from the
touth.t He does not even attempt to tie an artery with a single thread, but
always uses a broad ligature, and, at the same time, interposes between this
and the artery, a body of considerable size, for the purpose of protecting its
tunics against the destructive operation of the silk.

The serious accidents which this method entailed, induced this celebrated
surgeon, who practised the plan, to recommend, some years afterwards, in a
memoir especially dedicated to this subject, that all foreign bodies should be
taken away at the termination of some days, so as to prevent that ulceration

* Tt is not intended, however, to advance this abeolutely as a principle; but it is believed, that relatively
‘with the size of the artery, it is more necessary to apply a small ligature upon a large, than small 4rank.

“ A question, no doubt, will be made here, whether it is safe to use these small ligatures on the large arteries ;
whaether there may not be a risk of cutting the coats completely through? For we have been instructed to
wilapt ‘the sise of the thread to that of the vessel, and to tie a great trunk with a thick ligature. There is -no
season for this rule, prima facie: weunonlydetermme its justice by examining into the effects of different
hg‘monthe‘mndm » » * * L * * L J - - L4 L 4

® * * If any proportion is to be observed between the size of the artery and the ligature, it should
be an inverse one: the large one requiring a small ligature, while a small artery may be tied without danger
with a large one. LawmeNce. Med. Ch. Trans. vol. vi. p. 168. (Trs.)”

+ Observations sur I’ aneurysme, 1797-1798, translated and published by Professor DxvrPECH, 1809.
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of the artery which constantly occurred. The operations which are necessary
in extracting this substance, are painful, because they are made upon a wound
which is in a state of inflammation, and the edges of which are about to
commence, or have already taken on the adhesive union: and they also expose
the patient to the danger of direct hemorrhage, from the disturbance and
displacements which the vessel must undergo. In applying the ligature
upon an artery, it would be infinitely preferable to use small bodies, the
expulsion of which might, without any alarm, be left to nature to effect.

This latter mode of operation was proposed for the first time by an
English physician, Dr. Jones, who, in 1805, published a valuable work upon
the mode which nature adopts in restraining heemorrhages. The numerous
experiments which this skilful practitioner performed upon living animals,
proved that, all things being equal, the success of the operation was more
frequent and speedy, when the ligature was small and round, than under
contrary circumstances. Although it is not strictly logical, rigorously, and
in every case, to conclude from experiments performed upon animals, that
similar results will take place in man, the analogy existing in the organic
functions of animals of the same class is so great, that if the facts are not
altogether opposed, we cannot but admit the similarity to be almost perfect.*

*«A variety of experiments have been made by different persons on the arteries of dogs and horses, in order
to observe the processes which take place in them, to effect a cure, or which precede the dissolution of the
animals. This has been done with a view of elucidating the manner in which these processes are supposed to
take place in man, under similar circumstances: but the analogy, however specious, is not satisfactory, inas-
much as it is distinctly seen, that the injuries of arteries in man do not follow the same course as in animals :
and the means which nature adopta to effect a cure of an injury in animals, cannot be considered to take place
in man, as it is not followed by the same effects. This should not be regarded as in the slightest degree extra.
ordinary, when we reflect that they are not liable to the same diseases: that there is a difference in the nature
and in the coagulability of the blood, in the force by which it is impelled, and in all probability in the nutrition,
if not in the formation or structure of the artery.” GUTHRIE ON ARTERIES, p. 209.

¢ * * @Generul conclusions, drawn from the analogy, which is supposed to subsist between the arteries
of quadrupeds and man, must be received with the greatest caution, since a few considerations will be sufficient
to shew that this analogy is more apparent than real.

1. It may be stated in general, that the adhesive process is more quickly and certainly executed in all parts
of quadrupeds, (with the exception of the skin) thau in man.
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An experimenter who is endowed with a philosophic mind will always know
how to estimate the slight differences which he may observe. Under some
circumstances they appear to be more distinct between two individuals of
the same species, but of different ages and temperaments, than they are
between those of different species, but which are analogous in age and
constitution.

The advantages resulting from Dr. Jones’s proposal were promptly seen
and appreciated by several English surgeons, as Abernethy, Cooper, Travers,
and many others, who did not hesitate in making its application to man.
The most complete success crowned their attempts, and ere long almost
every celebrated British surgeon adopted the plan. It was proposed, I
believe in France only in 1814, when Professor Roux published a work* in
which he drew a parallel between French and English Surgery: and when
remarking upon the application of ligatures upon vessels, he mentions the
method of Dr. Jones, but in that unfavourable and superficial manner, that
it remained unnoticed ; the proposal was in such low estimation that surgical
works, of later date than that of Professor Roux, do not even refer to it.

At this period, two scientific experimenters, M. M. Beclard and Breschet,
repeated and multiplied in numerous methods, the experiments of Dr. Jones :

2. In quadrupeds, wounds of arteries, in particular, are so prone to unite, that no experimentalist has
hitherto succeeded in producing an aneurism in this class of animals ; the wounds of the arteries which have
been inflicted with this view, heuling like wounds made in amy other part of the body.

8. The arteries of quadrupeds are not liable to that peculiar change of structure from disease which predis-

poses to aneurism, and which, among other esuses, renders the operation of the ligature so uncertain in its
effect upon the arteries of man.

¢ s o T¢ follows, therefore, that although in animals the obliteration of an artery should constantly
succeed to the division of its internal and middle coats by a ligature, no conclusion should be drawn with
respect to the effects of this operation upon the arteries of man. It is true that the experiments of Dr. Jones
perfectly illustrate the process of nature by which the injury inflicted by the ligature is repaired ; and it is
true that this process is precisely similar, whether it occur in the artery of a quadruped or & man: but the
difference is, that the process which is always successful in the former, not unfrequently fails in the latter ;
and it has been shewn that the causes of this failure are to be found in some difference in the structure or
actions of the arteries in the different animals. CraMPTON ON ANEURISM. Med. Ch. Trans. vol. vii. p. 34. (Tns.)

* Relation d’'un voyage fait 3 Londres. 1 vol. 8vo.
I
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the results of which were so entirely in favour of round and small ligatures,
that Beclard did not hesitate for a moment to use them in the human
subject, with every benefit which he anticipated he should derive. A short
time after this, some surgeons of the first rank, among whom must be placed
M. M. Dupuytren and Larrey, particularly adopted this new method of opera-
tion : but other practitioners, who are also placed at the head of large hospitals,
still continue to use the broad ligature ; it thus becomes very difficult, if not
impossible, for any one who has not personally experimented on this subject,
fully to determine upon this extremely important branch of practical Surgery.

It may perhaps be said, that in consequence of the different plans of
operation which the surgeons of the large hospitals adopt, the young prac-
titioner must experience little difficulty in correctly appreciating the value of
the respective modes, from the comparisons which he is thus enabled to
make ; but this mode of reasoning is incorrect: comparison is only advan-
tageous when the circumstances are nearly the same; and it will be
acknowledged, I believe, that several years may elapse without meeting in
the Parisian hospitals with two cases of ligature of arteries which are
identical, (if an exception be made of those which occur during the
performance of amputation). Size of vessel, degree of vitality, age and
constitution of the patient, and lastly, the relations which exist between the
ligature and origin of a large collateral branch, are so many variable circum-
stances, which render analogies very rare, and therefore, comparisons very
difficult to establish, and consequently, deductions from them uncertain. If
on the contrary, living animals be experimented upon, it is easy to perform
two different experiments at the same time, upon the same animal, and upon
similar vessels, as for instance, on the crural or carotid arteries: whatever
varieties of result are then remarked, can only be attributed to the means
which have been used : for in these cases, age and temperament of the indivi-
dual, size of the vessel, and relative position of the ligature with the large
collateral branches, are altogether the same. It must also be remarked, that
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it is not a question respecting the analogy existing between animals and man,
for an opinion has already been advanced upon this point, but rather to
establish a comparison between two circumstances which are originally
similar, and cannot present any differences except those alone, which the
experimenter himself may think proper to make ; these are conditions which
it is difficult to meet with in practice.

Great and almost insuperable difficulties have invariably compelled the
surgeon to resort to the experimental plan, whenever he has wished to
introduce into any scientific pursuit, some new proposal. Baron Percy has
pointed out the same thing, when, at the close of the article upon the ligature
in the Dictionnasre des Sciences Medicales, he concludes, “We would call the
“ attention of practitioners to this important but disputed branch of Surgical
“ Therapeutics, and urge them to repeat their experiments upon the two
“ modes which have been described,* and thus collect a mass of facts which
“ghall positively fix opinions which at present are wavering.” With the
intention, therefore, of dissipating this doubt and uncertainty, and of laying
down one general rule of practice, a series of experiments have been
performed upon living animals, and so arranged that, in the first instance,
all those which have been suggested by others, to the present moment
have been repeated, and others which are entirely new, or modified, have
been added.

I now offer to the public the result of these enquiries, and of many years
labour, and shall be amply recompensed if the work in the least contribute to
the success of some of the most important surgical operations, by rendering
them less dangerous and uncertain. . ‘

The knowledge which the surgeon must possess, who has to perform the
operation of applying a ligature upon an artery, may be divided into two
kinds: 1. That which is general, and consequently applicable to every artery :
it is thus indispensable for the surgeon to know what best conduces to effect a

® That of the broad and large, and of the small round ligature.




36

closure of the artery, and then to consider the means or agent which ought
to be used for obtaining the desired result: 2. That which is particular or
special, which is not only as variable as the arteries of one half of the body,
but presents also differences according to the different parts of the same
artery upon which the operation has to be performed.

The general knowledge may be modified by certain circumstances relating
to the size of the artery and state of its parietes: it can only be properly
acquired by experiment, because the observations made on the human
subject have generally too great a difference to allow any just comparison to
be made. The special knowledge can alone be acquired by the accurate
study of descriptive and regional anatomy, which points out the frequently
complex relations of each artery, with its surrounding parts. The general

"knowledge, therefore, relates to whatever follows the application of the
ligature, whilst that which is special, is required for the exposure of the artery
upon which the operation has to be performed.

In the first two plates of the work, the reader will find a faithful repre-
sentation of the different appearances and alterations which the parietes of
an artery, and the coagulum which is formed internally, undergo, from the
period when the ligature is tightened to that of the closure, as well as of the
differences which are produced in these changes, according to the nature of
the ligature which is used. In the remaining plates are correctly represented
the various arteries of the body which are capable of being tied—the relations
of these vessels with the surrounding nerves, veins, and muscles are given,
together with the figure and extent of the incisions which are most advan-
tageous. The trunk and extremities are represented as placed in those
positions which are respectively best calculated to allow the most easy
performance of the operation.




ArprENDIX A.—Page 16.

On the Analogy between the different Parts of the Vascular System.

ONE of the numerous results which increased anatomical information has produced,
is the confirmation of the beautiful idea of the unity of organic composition. By the
labours of modern continental anatomists, the science which they have cultivated has
truly assumed a philosophic character, and no longer consists in a mere special descrip-
tion of parts, but in the developement of those general principles of beauty, order, and
analogy, which, by their numerous researches, have been proved to exist in creation
generally, and each animal individually.

J. F. Meclkel ranks pre-eminent among his brethren for the extent and success of his
labours upon this branch of scientific pursuit, and has devoted a considerable portion of
his general anatomical work, to the consideration and elucidation of the facts upon
which this theory rests. In this work, after making some remarks upon the elementary
formation of the body, he proceedsto point out the unity which exists in the radiated
structure of the different organs ; the symmetrical construction of the different regions
of the body; the analogy found between its right and left sides, the superior and
inferior extremities, and the anterior and posterior surfaces; and the correspondences
in figure and functions of the internal organs; and having shewn that in general the
right is similar to the left half of the body, that the upper portion of the spinal column
is represented by the lower, and that the single organs are themselves divided by a
median line, in such manner that each half bears a general resemblance to the other, he
proceeds, as follows, to remark upon the analogies of the vascular system.

“In accordance with a general law, the various parts of the vascular system bear an
analogy, but do not perfectly resemble each other, in the three dimensians of breadth,
length, and depth, of the vascular system.

The parts in which this analogy is the strongest, are the right and left halves of the
system, the differences of which are only very trifling. Omitting all consideration of

those which occur irregularly, the only inconsiderable difference is that which is found
K
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in the disposition of the trunks which are given off to the head and superior extremities,
from the arch of the aorta. This variety, however, appears to be only part of a general
type which governs the whole arterial system : at lcast, it is frequently observed, that
the superior aortic, intercostal, and bronchial arteries of the right side usually arise from
a common trunk, in the same way that, in anomalous cases, several vessels are united
on the right side into a single trunk, whilst on the left one trunk is divided into several
branches. For example, the left carotid artery frequently arises from the innominata,
instead of the left vertebral artery, which often arises from the aorta; the left renal
artery also, is more frequently divided into several branches than the right; and in
every instance in which I have observed the brachial artery to be divided very high,
this was on the left side. The same remark is also correct with regard to the popliteal
artery. The obturator is more frequently given off by the left than the right crural
artery. When the arteria innominata, arising from the arch of the aorta, is divided
into two trunks, it is very rare for the right subclavian artery to remain on that side:
it is carried over to the left, and takes its origin from the left of the aorta, thus giving
to this anomaly really the appearance of primitively corresponding with an extra-
ordinary developement of the left, and the predominance of its type over that of the
right side: the following circumstance strongly corroborates this conjecture: that, in
these cases, the right subclavian does not pursue the most direct course, in passing to
the extremity upon which it is distributed, but is deflected, so as to pass behind the
cesophagus.

The characters peculiar to the two extremities are very frequently simultaneously
developed beyond their usual degree.  For example, the left carotid artery is a branch
from the innominata, when the left vertebral arises directly from the aorta: or, the
right and left carotids unite into a single trunk, when the right subclavian arises below
the left. .

The contrary appears to take place in the nervous systems: for the common left
subclavian and iliac veins are much longer than the same vessels of the right side: and
the superior and inferior thoracic canals of the left side unite together, whilst the supe-
rior of the left takes its course singly.

As for the remainder of their course, it is not unfrequently more symmetrical than

usual, either by the union or division of the trunks, or that the customary position of
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the vessel to the right or left side, is changed to that of the median line. Notwith-
standing, the superior and inferior portions of the vascular system do not resemble each
other so perfectly as the right and left sides; yet the analogies which they present far
exceed their differences.

The diaphragm forms the separation between the superior and inferior portlons of
the vascular system: and, upon making comparison of each, from this point, we shall
obtain the following results.

1. The great system of the circulation in the chest, like that of the abdomen, is
composed of two other much smaller systems; the pulmonary vessels in the former,
and the vena porte in the latter cavity. The trunk of the vena porte is an imperfect
repetition of the right side of the heart; its arterial portion represents the pulmonary
arteries, and the hepatic veins correspond with the pulmonary veins. The resemblance
between the vena portal and the pulmonary systems is only very imperfect, in con-
_sequence of the former not being developed from a muscular centre, and because the
portal veins anastomose with the veins in the general system. Nevertheless, these
two conditions are met with, either single or combined, in the system of pulmonic
vessels of most animals furnished with blood vessels, which are of an inferior order
to birds.

2. The superior and inferior portions of the arterial system, are repetitions of each
other, in the following respects :

a. The superior and inferior diaphragmatic arteries correspond.

b. The arteries of the alimentary canal, the cceliac, and two mesenteric, especially,
eorrespond in their extensive anastomoses.

c. The bronchial arteries are represented by a portion of the renal and capsular
arteries, and by the hepatic : in fact, the liver, supra-renal capsules, and kidneys,
may be regarded as analagous to lungs in the abdomen, and hence, their vessels
are repetitions of those of the lungs in various degrees of perfection. The vaseular
system of the liver, including the different vessels from the vena porte, approximates
very nearly to that of the lungs, although it is not near so perfeet. The renal and
capsular vessels occupy the next degree lower, for no trace of distinetion between
the nutritive and secreting vessels any longer exists: the separation, at most, being
indicated in the kidneys, by some vessels which are different to the renal arteries,
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and are distributed upon their surtfaces, and in the supra-renal capsules. by a con-
siderable number of vascular romifications, proceeding from very different parts.

. The thymic correspond with the spermatic vessels in this respeet, that both
generally arise from the aortes and thet the former maz often arise from the bronchial,
as the latter from the renal arieries.

e. The aortic intercostal are represented by the lTnmbar arteries: the number of
the latter indeed isx less considerable. but as the branches which arise from  the
middle sacral, which is itself a continuation of the acrtic trunk, make them exactly
correspond, all difierences in this respect cease. The analoay between the arteries
passing through the conuecting foramina, above and below tiie diaphragm. is also
remarkably strengthened by this circumstance, that the superior intercostal is a branch
from the subelavian, in the same imanner as the lateral sacral is from the hypogastric
artery.

J° The division of the superior and juferior extremities of the aorta, and the
disposition of the vessels which pass from it, from the one side to the head. neck,
and superior extremitics, and from the other to the pelvie organs and inferior
extremities, present analogies still more striking.  The primitive iliac corresponds
with the common trunk of the subclavian and right carotid arteries: it is true,
that the analogy is wanting in the right side: but in addition to this circum-
stance not being very essential. sinee it merely depends upon consecutive division,
the analogy between the two regions is inercased by the very common case, where the
left vertebral artery arises directly from the arch of the aorta, between the left carotid
and subclavian artery, whilst this anomaly. in some degree. effects the junction of the
two vessels.

The carotid correspond with the hypogastric arteries : and the left subelavian with
the crural, in respect to situation, origin, and distribution.

Of the trunks arising from the carotid and hypogastric, the superior thyroid and its
branches, correspond with the uterine and vesical, aud the lingual, facial, and ascending
pharyngeal, with the internal pudendal and its ramifications.

The varieties which are observed in this respect, are the followin s :

The subclavian gives origin to the vertebral and inferior thyroid : the hypogastric to

the gluteal and ischiatic arterics.  The latter correspond with the branches of the
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subclavian, and even the axillary, in their distribution. The former appear, in the first
view, not to have any. correspondence with the inferior vascular system, or with
the vessels arising from the hypogastric artery. Upon consideration, however, the
difference is almost reduced to nothing.

Indeed, it can only be denied that the vertebral and inferior thyroid arteries do not
thoroughly correspond with the hypogastric. The carotids only represent a portion of
the latter, which is considerably developed and reduced to a single trunk, in consequencé
of the greater size of the parts which it supports. The hypogastric artery then divides
in the superior portion of the body into-three trunks, the carotid, vertebral, and inferior
thyroid. Hence, the reason why the inferior thyroid so frequently arises, totally or
partially, either from the carotid or the innominata, or is altogether wanting, being
replaced by branches of the superior thyroid. The origin of most of the vessels of
the neck, and superior region of the shoulder, grising from the inferior thyroid,
speaks much in favour of this approximation, because these vessels strongly resemble
the gluteal, ischiatic, and obturator arteries.

The vertebral artery ascends from the trunk alone, in consequence of the size of
the brain and spinal column, organs to which it transmits blood: but it evidently
corresponds in its mode of distribution with the lateral sacral arteries, furnished from
the hypogastric.

Several vessels which correspond, in their mode of distribution, arise superiorly
from the subclavian, and inferiorly from the hypogastric.

The branches which next pass from the subclavian and crural arteries, possess
the greatest degree of analogy to each other. The internal mammary exactly
corresponds with the epigastric, as the former is distributed down over the lateral
portions of the posterior surface of the sternum, and the latter posteriorly and
laterally to the linea alba, which corresponds with this bone. The anterior
intercostals, given off by the internal mammary, are represented by the analogous
branches of the epigastric.

The circumflex iliac appears to me to correspond precisely with the long external
thoracic.

The external pudics clearly represent several of the external thoracics.

In both extremities the trunk of the artery is divided, a short distance below the

L
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the separation of the carotid from the vertebral and inferior thyroid, the constant
separation of the carotid from the subclavian on the left side, the frequent separation of
the carotid from the latter, and the very common presence of a second inferior thyroid,
are analogous phenomena, of which the lower extremities do not shew any trace.

The vascular system of the superior portion of the body is characterised by an evident
tendency to individualization ; but it is not the only one in which this is observed, for
it may be instanced in the developement of the brain ; the multiplication of the organs
of sense, and the degree of perfection of the extremities, by which it is probably caused,
and upon which it may depend.

The arteries of the inferior extremities have a character altogether different: the
circumflex of the thigh are much more frequently given off by the crural profunda,
than those of the arm by the brachial profunda. The superficial crural is not only
never divided higher than ordinary, but the number of branches which the popliteal
gives off, is frequently less considerable, because the peroneal or anterior tibial, the
former much more frequently and much higher than the other, ceases to form a distinct
trunk, and is replaced by the branches of one of the other vessels of the leg, as the
fibula is to a degree only annexed to the tibia, whilst in the forearm, the radius and
ulna are equally developed, and are each articulated directly with the humerus, precisely
as the toes are much less perfectly developed and moveable than the fingers.

The articular arteries of the elbow and knee differ principally : 1. In this, that the
superior of the thoracic extremities arise higher and always distinctly from each other,
whilst those of the pelvic extremities originate lower, and usually from a common
trunk: 2. That the inferior of the elbow arise from the artery of the forearm, and
those of the knee from the inferior part of the popliteal artery. It is frequently found,
also, that when the internal and superior articular popliteal artery arises very high, it
always has two inferior popliteal articular arteries much smaller, which arise from the
anterior and posterior tibial arteries, and occasionally, at least, the recurrent radial is
furnished by the brachial. When the popliteal artery is divided a little higher than
usual, both its branches also furnish two very large inferior articular arteries of
the knee.

Many anatomists point out a difference in the distribution of the arteries of the
hand and foot, from the want of the superficial arch in the latter; but I have never
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thought this correct, and it certainly proves this, that sufficient care has not been used
in ascertaining every analogy. There can be no doubt, that the internal plantar artery
does not so much correspond with the superficial palmar branch of the cubital in its
origin, as distribution. I have, moreover, always observed, that it anastomoses with
the plantar arch of the anterior tibial, so as to form a superficial plantar arch.

But a real difference exists in the origin of the arteries of the fingers aud toes, the
former taking their rise from the superficial, and the latter from the deep arch. This
irregularity of the vessels of the surface of the foot, is even sometimes developed to
such a degree, that the arteries of the toes arise more from the superior than the infe-
rior perforant artery. The object of such a disposition appears to be that of protecting
the arteries of the toes from the superincumbent pressure of the body. It is also
probably connected with the difference found between the dorsum and sole of the foot,
with regard to its muscularity : and, perhaps, the developement of muscles upon the
dorsum of the foot, which do not exist in the same part of the hand, is the reason why
the arteries of the toes take their rise at a much greater depth. This difference, how-
ever, occasionally disappears, for in some cases the arteries of the fingers are furnished
from the superficial palmar arch.

3. The veins of the superior and inferior portions of the body, resemble each other,
perhaps, still more than the arteries; at least, the arterics present a variety which is
not found in the disposition of the left jugular and subclavian veins, and that of the
primitive iliac of the same side.

4. The superior and inferior portions of the lymphatic system offer also the same
analogies, as to their existence, number, and situation of the vessels and glands.

The analogy of the vascular system, in common with that of every other part
of the organization, is less anteriorly and posteriorly, than laterally, or in its superior
and inferior portions. In this direction, however, the internal mammary and epigastric
arteries may be compared with the aorta, and the branches which they send off to the
posterior intercostals, and lumbar arteries : the anterior and posterior intercostals
correspond as well as the anterior and posterior lumbar; this exists probably also in
the neck and head, between the superficial and deep arteries certainly in these two
regions and the spinal column, between the anterior and posterior spinal, as also

between the occipital and frontal : lastly. in the extremities, between the anterior
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and posterior circumflex of the humerus, the external and internal circumflex of
the femur, the superficial and deep brachial and crural, the radial and .cubital, the
anterior and posterior tibial, the dorsal arches of the foot and hand, with the superior
interosseous arteries of the palmar arches.

The venous system presents the same analogies, but which are rendered still more
striking, by the presence of the vena azygos and demi-azygos, which very clearly
correspond with the internal mammary veins.

With the grand thoracic canal, which takes its course anteriorly to the vertebral
column, may equally be compared a second lymphatic duct, which rises behind the
sternum.”

ArPENDIX B.—Page 19.

On the Cellular Coat of Arteries.

“THE cellular is very thick, firm, and perfectly distinct from the fibrous tunic; and
is much more extensible than the internal membranes.” Manuel d’Anatomie generale,
descrip. et pathol. par J. F. MECKETL, tom. 1. p. 157.

“The ezternal or cellular tunic is the only one which presents all the elements of a
real tissue. It is composed of fibrille and lamellee, intersecting each other like all
cellular sheaths, in various directions, and is penetrated in every direction by very
minute arterial and venous vessels, which, under the appellation of vasa-vasorum,
support the whole of the substance of the artery, but neither pass into nor even extend
as far as the internal tunic : this membrane alone, therefore, possesses a real circulation,
nutrition in the others being only inactively performed, or when they are in a natural
state merely maintained by a process of imbibition, or the simple deposition of molecules.

The structure of the external tunic endows the arteries with a great degree of exten-
sibility, and enables them to give way under the application of any power, without

M
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suffering rupture or inflammation, or producing cicatrization or adhesions to their
envelope, or transmitting to the subjacent lamnellz, or even to their organization, the
diseases to which it is specially liable : hence is the reason that in the vascular parietes
of the capillary system, which are formed almost entirely of this substance, life is the
most active and disease is the most frequent.” Nouveaux Elemens de Médecine
operatoire, par A. F. M. VELPEACU, t. 1. p. 51.

“ The external coat, anatomically considered, is so simple, that many authors have
thought it sufficient to say, that it is formed of condensed cellular membrane, which
becoming gradually of a looser texture, connects the artery with the surrounding parts;
but the importance which is attached, in a surgical point of view, to this coat, renders
a more particular account of it highly necessary and interesting. Although ultimately
resolvable into cellular membrane, yet it derives from the particular arrangement of its
component fibres, a characteristic appearance, which distinguishes it from cellular
membrane and entitles it to be ranked as a proper coat of an artery. Internally, or
next to the middle coat, its texture is close and smooth, externally more open and
rough, in consequence of the cellular membrane by which it is connected with an
additional covering. The whole is remarkable for its whiteness, density, and great
elasticity. If an artery be surrounded by a tight ligature, its middle and internal coats
will be as completely divided by it as they can be by a knife, whilst the external coat
remains entire ; a fact which will be commented upon in another part of this treatise,
and shewn to be connected with important circumstances. The strength, therefore, of
an artery depends chiefly on its external coat, which answers, in some respects, the
purpose of a strong fascia.” JoNEs on Hamorrhage and the Ligature, p. 3.

“ The external coat of arteries differs extremely from the other two. It consists of
slender, white, shining fibres, like the fibres of cotton, very dense and tough, closely
compacted together, and interwoven in every direction.

It is best dissected by slipping the artery over a glass rod, so as to make it quite
tight, and then tearing off the fibres with a pair of forceps, from without inwards. It
requires considerable force to separate them: and no art will make them peel in any

uniform direction. We judge that we have got through the whole of the coat, when
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we come to a stratum of fibres, of a yellowish or flesh colour, soft, and separating
uniformly in a transverse direction; these are the fibres of the middle coat.

Between the two coats there seems to be no connecting medium ; but yet they adhere
very firmly. The middle coat, however, is so much softer than the outer, particularly
in vessels of a middling size, that if we slit up an artery, and strip it through between
the fingers and thumb, we may scrape off the whole of the middle coat from the external,
merely by pressing a little with the edge of the nail.

Numerous small blood-vessels may be seen, every where, ramifying through the
external coat of arteries, and sending branches inwards to supply the middle coat.
Small branches of absorbents, also, and minute twigs of nerves may sometimes be
observed running along its outer surface; but it is difficult to trace them far into its
substance.

The thickness of this coat varies much more than that of the other two. In some
vessels, a8 in the verlebral arteries, and the branches of the infernal carotid, it is as
thin almost as silk paper.

It is greatly stronger than either the middle or inner coat, and considerably more
elastic. To call this, howéver, or any other of the coats in particular, the elastic coat
of an artery, as has been done by some,* is obviously incorrect. They all poseess this
property in a considerable degree ; else, stretching an artery, should always tear them
asunder.” GORDON’S Anatomy, p. 60.

“The exzternal coat is composed of a substance essentially distinct from the other
two. Cellular and fibrous, the fibres interlacing with each other, without any marked
regularity, although generally tending in a diagonal direction. It is capable of a
powerful resistance to an opposing force applied in every way, and although highly
elastic, seems to partake of a ligamentous structure. It is to this that an artery is
indebted for its capability of sliding out of the way of injury: it suffers and resists
a considerable degree of violence with impunity: and whilst the other coats are
divided by the application of a small ligature, it remains unhurt, until inflammation
occurs from pressure. If an artery be forcibly distended by an injection, the two

* See Mr. Huntir, Treatise on the Blood, &c. p. 120.
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inner coats are ruptured, but the external one is at first only stretched and dilated,
but not torn, forming a kind of aneurismal sac. The external coat may be divided
by the knife into two layers, apparently different; the inner layer, which is applied
to the middle coat, is smooth and dense, differing from the external one in being
more membranous, and not having its fibres obviously . interlacing with each other
as in the outer coat, although intimately connected with it.” GUTHRIE on diseases
and injuries of Arteries, p. 3 and 4.

Before Scarpa’s observations upon this coat are given, an extract from the work
just quoted, must be here premised.

“It is necessary, however, to observe, (says Guthrie, p. 67,) that Scarpa’s account
of the structure of arteries differs from that which is taught at the present day, so
much as to render his description rather unintelligible to junior students. He considers
an artery to possess only two coats, the internal and the fibrous, calling the elastic
cellular one of ancient and modern anatomists, a sheath : and not distinguishing
between that which is now called the outer coat, and the cellular tissue which
surrounds and attaches it to the real sheath of the artery.” His words are :

“The covering of the artery, which former anatomists, almost to the present day,
have mentioned amongst the component coats of an artery, is by no means such as
they have described it, but it is merely an adventitious sheath,* or cellular covering,
which the artery borrows, or receives in common with the parts, in the vicinity of
which it runs: by means of this cellular sheath the artery is kept in its place,
as within a soft bed, and conmected to the parts surrounding it, such as the
membranes, the viscera, the nerves, the aponeurotic and ligamentous fascie, the
muscles and periosteum. On cutting an artery across, in its natural situation, it is
observed to be inclosed in a sheath of soft, spongy, easily distended cellular substance,
within which sheath, the segment of the cut artery retires and conceals itself. This
cellular sheath, most evident round the great arterial trunks, is in some places more
dense and abundant, in others less so. It is found in considerable quantity, and
very dense, round the curvature and trunk of the aorta, the carotid arteries, the

* MonRro's Works.—Lupwie de arteriarum tunicis.—HALLER, Elem. Phisiol. —cellulosa adscititia.
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mesenteric and renal arteries; but less so round the trunk of the brachial, femoral,
and popliteal arteries. In all these parts, the cellular sheath, soft and easily distended,
is only a continuation of the cellular membrane of the neighbouring parts. The
pleura lies over the cellular sheath of the arch of the aorta, and over that of the
thoracic aorta: and that of the abdominal aorta is covered by peritoneumn. Both
these smooth membranes surround and adhere closely to the aorta for two thirds of
its circumference. The great arteries of the extremities, which run between the
muscles, and under the aponeurotic and ligamentous fascie, are not covered, in
addition to the cellular substance, by a smooth membrane, such as the pleura and
peritoneum, but they are surrounded by a cellular sheath, which, although it is here
and there filled with an oily substance, may notwithstanding be demonstrated to be
distinct from the membrane properly called adipose, and which serves, as in the
other parts of the body, to inclose the tube of the artery, and comnect it to the
contiguous parts.” SCARPA on Aneurism, p. 69 and 71.

ArrENDIX C.—Page 24.

On the Formation of Aneurism.

ScARPA states, (page 114. Ed. Wishart) “ From all that has been hitherto said,
with regard to aneurism in general, and more particularly that of the aorta, it appears
to me that we may with certainty conclude: 1. That this disease is invariably formed
by the rupture of the proper coats (modern internal and middle) of the artery : 2. That
the aneurismal sac is never formed by a dilatation of the proper coats of an artery, but
undoubtedly by the cellular sheath which the artery receives in common with the
parts contiguous to it : over which cellular sheath the pleura in the thorax, and the
peritoneum in the abdomen, are placed.”

Upon this, Guthrie remarks also, “In regard to the two other conclusions of Scarpa,
it is necessary to advert to his remark on brachial aneurism from a wound : when the

N
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advantage which he has derived in argument. from the very general view which he
takes of the external cellular coat of an artery, will at once be perceived.” He says:

“The proximatc cause, therefore, of the aneurism which is formed in the bend of the
arm, after vemnesection, as also that which occurs in the brachial or axillary artery,
produced by a wound, may /ncariably be traced to the incision or solution of continuity
of the two proper coats of the artery, and the consequent effusion of blood into the
cellular substance surrounding the injured artery. The cffect is the same, whether
from an internal morbid affection, capable of ulcerating or corroding the internal and
fibrous coats of the artery, the blood be effused into the neighbouring cellular sheath
surrounding the artery, which it raises after the manner of an aneurismal sac, or, the
wound of the integuments having closed, the blood issue from the wounded artery, and
be diffused in the surrounding parts. The solution of continuity in the integuments,
cellular membrane, and aponeurosis covering the artery, consolidates quickly in these
cases : while, on the contrary, the proper coats of the artery remain separated at the
place of the puuncture or wound; and, therefore, as was observed by IHildanus and
Senertus, the arterial blood not finding any longer a direct way to spring outward
through the integuments, infiltrates as in the internal aneurisms produced by the
ulceration or corrosion of the internal coat, into the cellular substance, covering,
externally, the wounded artery, and fills it in the manner of an ecchymosis ; it then
distends and elevates it in the form of a tumour, and the cellular divisions being
destroyed, converts it at last into a firm capsular or aneurismal sac.”

* The advantage of not having distinctly defined what he understood by the external
elastic cellular coat, is plain. e alludes to it indifferently as a whole. Now when an
artery is cut, not ouly in the loose cellular tissue divided, which Monro, as Scarpa
observes, calls the *“external loose cellular,” but his ¢ cellulo-membranous™ coat is also
cut, as well as the fibrous and internal coats: and the blood projected through this

)

“cellulo-membranous ” coat may be caught and retained by the external loose cellular,

so as to form an ecchymosis : but it is a very distinct kind of ecchymosis from that
which would have been formed iu the same artery, if the fibrous and internal coats had
been ruptured through disease. In this case the cellulo-inembranous coat (according
to the French writers) would have formed the sac. In the case of wound, it was the

loose cellular tissue exterior to it and conuecting it with the sheath. Scarpa contends
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that the aneurism is formed in the same manner in both instances, which is most
assuredly not the fact. The force of these and other objections have been so strongly
felt by continental and other authors, who have admitted that he may be wrong in
some instances, that they have ventured to say, he must have drawn his inferences
principally from external aneurisms and not from internal ones. I shall not presume
to say so much : but I must remark, that he seems to have seen all things with one
view, and to have had the happy talent of making every thing suit his purpose,
whether it really did so or not: and this too (I desire to be understood) with the most
honourable spirit and intention.” ’

To Scarpa’s second conclusion it may be replied in the words of Mr. Hodgson :

“ Aneurism is not constantly produced by the destruction of the coats of an artery.
On the contrary, the inspection of innumerable preparations of this disease, contained
in the principal museums of the metropolis, and the more minute examination, by
dissection of various specimens of diseased arteries, and of aneurisms in the different
stages of their formation, have produced a conviction in.my mind, that, although in
most aneurismal sacs, especially in those which have arrived at a considerable size, the
coats of the vessels have given way, yet, in a great proportion of aneurisms, the disease
commenced in a partial dilatation of the coats of an artery.” p. 59.

He arrives, therefore, at the following conclusions :

1. “That numerous aneurisms are formed by the destruction of the internal and
middle coats of an artery, and the expansion of the external coat into a small cyst,
which, giving way from distension, the surrounding parts, whatever may be their
structure, form the remainder of the sac. ’

2. That sometimes the disease commences in the dilatation of a portion of the
circumference of an artery. This dilatation increases until the coats of the vessel give
way, when the surrounding parts form the sac in the same manner as when the disease
is in the first instance produced by destruction of the coats of the artery.

Aneurism, therefore, in some instances, originates in a destruction or laceration,
and in others in a dilatation of the coats of an artery.” p. 74.

“ An aneurismal sac is formed by a new growth of the proper external coat of an
artery, and it owes little or nothing to cellular structure, when little or none is
supposed to exist.” GUTHRIE, p. 71. See Article “ Aneurism,” S. CooPER’s Dict.



ArreNpIx D.—Page 25.
On the Middle or Fibrous Tunic of Arteries.

“ THE fibrous membrane of arteries is firin, very elastic, of a reddish yellow colour, and
distinctly formed of fibres placed transverscly or, more correctly speaking, running in a
direction partially oblique. They compose several layers easily separable from each other,
but capable of being variously united together, so as to correspond with the arrangement
observable in their separate fibres: they cannot, therefore, be reckoned as so many distinct
tunics, as their structure is precisely the same, and as the number which can be exhibited
depends upon the degree of attention with which their separation is effected.

This membrane is generally designated the fleshy tunic, from its fibrous structure and
red colour: but the fibres are not similar to those of muscles, being more elastic, firm,
fragile, dry and flat, than these: and, lastly, in having no cellular tissue whatever in
their interspaces.

This is the thickest of the arterial tunics; and is the principal seat in which the
great power of arteries resides. Its internal layers are more solid and closely set than
the external; and its absolute thickness diminishes considerably as the distance from
the heart increases. It is therefore greater, and the fibrous structure more apparent,
as the arteries themselves are larger, whilst the proportional thickness increases in an
inverse ratio: for the parietes become much stronger, regard being taken of their
orifice and calibre, as the vessels diminish in size. It is also equally observed, that the
membrane is redder, in the same proportion, and, if experiments may be depended
upon, more irritable also.

But the thickness of this membrane varies so considerably, both in different parts of
the same artery and in different parts of the arterial system: in the first case being
always more considerable at the convexity than concavity of the arterial curvature and
in the angles of their divisions, than in the other parts.

In the second case it must be remarked :

1. That the thickness of arteries is less considerable in the interior of the viscera

than muscles, and in the loose than the attached portions of the vessels.
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2. That the cerebral arteries differ considerably from the others in the thinness of
this tunic, the tenuity of which is so considerable that its presence has been doubted,
but erroneously. The absence of this tunic occasions their collapse when empty, their
greater liability to rupture during life, and the facility with which the circulation is
perceived through their parietes. This tunic is much thinner and more extensible in
the pulmonary than the aortic system.

Some anatomists think, that the internal fibres of arteries are longitudinal, obtaining
this opinion either by applying deductions made from animals, or from a wish to
satisfy purely theoretical opinions. Longitudinal fibres, however, do not exist.”
MECKET, t. 1. p. 157.

“The middle, which is also called the muscular, albugineous, and yellow tunic, is
formed of incomplete fibrous circles, and not of longitudinal fibres, which are united by
lamelle and filaments of the same nature. Neither sanguineous nor lymphatic vessels
can be found in it, although some have maintained the contrary. It forms an almost
inert layer, and breaks brittle like glass when twitched by a thread, and suffers
rupture instéad of disténsion, when any eccentric force is applied, which exceeds its
natural power of resistance. Possessing elasticity like the yellow tissue of the trachea
and interlaminary ligaments of the vertebree with which, to a certain degree, it
corresponds, it is impossible to tear it away in a direction parallel to the axis of the
artery without rupture. Externally it is united with the cellular tunic by means of an
irregular lamellated substance, which scarcely possesses organization : and internally it
is similarly connected with the internal tunic. As it is deprived of sensibility, and
almost of every other property of animal substance, it is not surprising that the
diseases to which it is liable are mostly independent of vital phenomena, and seem to
develope themselves under the agency of laws which govern inorganic matter. This
coat forms the distinctive mark between arteries and veins, enables them to continue
open when cut transversely, determines their figure and colour, renders them so little
liable to inflammation, prevents their wounds or partial divisions from cicatrizing by
agglutination, and occasions them power, fully able to resist the lateral impulsion of
the blood. It is thickest in those portions of the arterial trunk which are nearest to
the heart, and most considerable where it is subject to the strongest impulsion of the

o
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blood, being also rather more abundant in the convexity than concavity of the arterial
curvature. When it reaches the branches of the fourth or fifth order, and the ultimate
ramifications of the vascular system, it gradually becomes more tenuious, and inter-
mingles with the common tissue of the other two tunics; the consequence is, that the
suppleness and extensibility of arteries are greater, and their liability to rupture less,
(ceeteris paribus) in proportion, as their size is diminished, and their distance from the
heart is increased.” VELPEAU, t. 1. p. 49.

““ The middle coat, which is the thickest, is formed by numerous layers of firm,
compact, fleshy fibres, of a pale red colour, passing in a circular direction, but appearing
rather obliquely connected and interlaced with each other, than forming complete
circles. These fibres are of a peculiar nature, are well supplied with nerves, and
resemble, in form and disposition, muscular fibres, but differ from them in possessing a
remarkable degree of elasticity. Their elasticity keeps an empty and dead artery open
and circular ; for this coat, when detached from the internal and external coats, still
preserves the cylindrical form, whilst they, on the contrary, in a state of separation,
become flaccid and collapse. As this coat has no longitudinal fibres, the circular fibres
are held together by a slender connection, which yields readily to any force applied in
the circumference of the artery. The middle coat is intimately connected with the
internal and external by very short and fine cellular membrane.” JONEs, p. 2.

“ The middle coat of an artery is the thickest; being about twice the thickness of
the outer one: and this proportion, it seems to me to maintain, in the smaller as well
as in the larger vessels. A

It consists of a stratum of slender fibres laid closely together, side by side, without
any intermediate connecting matter; and placed uniformly in a circular direction,
surrounding the artery, and in a plane perpendicular to its axis.

Those which are more internally situated, may be easily seen through the transparent
inner coat of the artery, by slitting up the vessel. If this coat be peeled off, the fibres of
the middle one may then be easily raised by the forceps in successive strips, all of which
separate in a transverse or circular direction, exactly like the outer bark of a birch-tree.

In the large arterial trunks the fibres are firmer in their consistence, and of a



55

yellowish or straw colour; but as the vessels diminish to a middling size, they become
gradually softer and more flesh-coloured, and then resemble, very much, the muscular
fibres of the heart.

The middle coat of an artery is abundantly supplied with small blood-vessels. They
are often seen turgid with blood, after death; and they easily admit of being injected
with coloured size or turpentine. I cannot say that I have ever seen either absorbents
or nerves in this coat.

No connecting medium can be perceived between the middle coat of an artery and
the inner one. They are merely laid over each other, as the inner membrane of the
ventricle is laid over the muscular coat of the heart.” GORDON, p. 58.

“The middle coat adheres intimately to the internal coat, and is composed of
circular, flattened fibres, disposed in layers, and united to each other laterally by smaller
ones passing obliquely between them. The circular fibres do not extend completely
round the artery, they rarely, indeed, form more than half a circle; and are conjectured
to be the seat of its contractile, the oblique ones of its elastic properties. It is more
natural to suppose they are common to both, although acting in different directions
with various degrees of power; the enlargement or diminution of an artery being
comparatively greater than its extension. The circular fibres are easily separated from
each other by dividing the oblique ones, and the whole forms a strong, dense, elastic,
although brittle coat, of a yellowish white colour, thicker than the remaining tunics
eonjointly. In the aorta it is very thick and may be.separated into several layers,
which diminish in number as the artery passes to the extremities; where it seems to
form one fibrous expansion, stronger perhaps in proportion to the size of the vessel
than in the aorta itself. This fibrous structure is said to extend even to the most
minute vessels, although it is not easily demonstrated. In the arteries of the brain
it is exceedingly thin, so much so, that its existence has been denied. It is through
this coat the artery preserves the mearly circular appearance which it presents when
divided in the dead body: it is, therefore, highly elastic as well as contractile, both
longitudinally and transversely. No longitudinal fibres can be discovered, although
their existence has been asserted, and it is possible that the folds seen in the inner
membrane may have given rise to this speculation.” GUTHRIE, p. 2.



Arrexpix I

Page 28.
On the Internal DMembrane of Arteries.

“ THE internal membrane is much thicker, less transparent, firmer, and more brittle
than the other portions of the vascular system: it is not very extensible, and its
density is very considerable. In several experiments which have been performed upon
dogs, when the outer and middle coats have been taken away, and the arteries deprived
of all protection from the surrounding parts, neither rupture, nor distension of the
tunic has taken place.” MECKEL, t. 1. p. 154.

¢ The internal tunic, which by some has been compared to a mucous membrane, and
by others to a serous membrane, is smooth, its free surface being usually lined by an
unctuous substance. Externally, it adheres to the middle tunic merely by fine
lamellated plates, which contain neither vessels nor any other organized element: it
possesses neither fibres nor vascular canals of any kind whatever, it is merely a
a lamellated homogeneous substance, a kind of glared substance not dissimilar to the
transparent cornea, or the matter which forms the nails or the horny tissue in general,
and facilitates the course of the blood through the whole arterial tree. As in the
smaller and capillary branches this tunic is not separated from the cellular by the
middle membrane, it assumes more decidedly the character of an organized body, its
external surface receiving fluids in the direct course of circulation: elsewhere it is
thicker and more distinct, but extremely fragile, and separated throughout, from the
other parts of the vascular system by the yellow tunic, it there only forms a simple
inorganic layer, similar to cartilage, possessing very little elasticity and very easily
ruptured. From possessing these characters, it results that this membrane is not
endowed with the nature capable of undergoing a primary inflammation ; and that it
can only be affected by this pathological phenomenon by its communication with the
surrounding tissues: in a word, that any changes eftected in it are only mechanical.”
VELPEAU, t. 1 p. 50.
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“'The internal coat, although extremely thin, is very close in its texture, and
gives to an artery a smooth and polished lining: considering its delicate structure,
in the longitudinal direction, it is elastic and firm, but so weak in the circular as
to be very easily torn by the slightest force applied in that direction. The morbid
changes which have been observed in it, prove that this coat is vascular:* and
some experiments have been related to shew the probability of its being sensible.”t
JONES, p. 2. :

“The snner coat resembles, exactly, the inner membrane of the ventricles of the heart.
It is equally thin and perfectly transparent and colourless; and its inner surface is
smooth. No vessels or nerves have yet been seen in it. It may be peeled off from the
middle coat, which it lines internally, by means of a dissecting forceps : but it is too
tender to separate in large patches. It differs from the inner membrane of the ventricles
in being a good deal more elastic.” GORDON, p. 58.

“The internal coat is, in the aorta, composed of several layers. In the extremities it
is a single membrane, of a smooth or polished appearance, of a whitish yellow colour,
partly transparent, without fibres, soft and unctuous to the touch, of a dense, elastic,
resisting, membranous structure, although by a slight degree of extension readily torn
in every direction. Neither vessels nor nerves can be traced into it in its natural state,
although their existence is proved by its capability of undergoing the various processes
dependent on inflammation. It is sometimes seen in the carotid and iliac arteries,
disposed in longitudinal plaits, as if folded, instead of having contracted in the diminu-
tion of size of the artery. In the ham, and at the elbow, these little folds or ridges are
placed transversely; and, in an artery torn or divided during life, this appearance is
always observable, and it performs probably an important part in the suppression of
hemorrhage.” GUTHRIE, p. 1.

¢ «] have more than once observed the cavity of a large artery almost blocked up by a steatomatous
thickening of this coat, and frequently I have observed purulent matter collected in it.” Awrzx. Mongo.
Ed. Med. Es. & Obs. vol. ii.

1+ BIcHAT, Anatomie Generale.
P
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“The internal membrane of an artery, although very thin, being, however, very
compact and smooth, is that which opposes the greatest resistance to the impulse
of the air, (under artificial inflation) and prevents, more than any other, the bursting
or preternatural dilatation of the arterial tube. As soon as the internal coat of
the artery is ruptured, the muscular coat is likewise ruptured, or is immediately
torn, and allows the air or any other fluid, injected with force into the tube of
the artery. to flow into its external sheath.” Scarra on Anecurism.



PART II.

GENERAL PRINCIPLES.

To produce complete suspension of the circulation of an artery, is the first
indication which must be fulfilled towards effecting its obliteration. The
modes by which this may be accomplished are various: 1. The vessel
may be merely flattened, its opposite parietes being placed in contact
with each other, but without lesion of its tunics: 2. The artery may
be flattened or puckered, the internal and middle membranes being
ruptured partially: 3. The artery may be uniformly drawn together, the
internal and middle tunics being cut through in a clear and regular
section. (ArpENnDIX F.)

For the purpose of avoiding useless and tedious repetitions, we shall in
the first place describe the changes which take place in an artery when it
is no longer permeable by the blood, in consequence of the gathering
together, or forced approximation of its parietes, its internal membranes
being divided in an even manner. This case has been intentionally selected,
because it is followed by a greater number of phenomena, the succession
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and various changes of which take place more rapidly, and exhibit more
marked characters than those of others: the description, therefore, of these
being once given, when the first and second modes of suspending arterial
circulation are treated upon, it will only be necessary to adopt the subtractive
method of proceeding. This I am aware is not an usual or generally a
logical method, as it is better to pass from the simple to the compound,
or to make addition ; but in the present case, I believe that greater advantage
will be obtained by pursuing the opposite course in consequence of the
difficulties of ascertaining and describing direct phenomena when studied
in the most simple cases.

As an artery cannot be tied until it has been exposed and separated to
some extent from the surrounding parts; it becomes nccessary to consider
what mode should be adopted in performing this first step of the operation.
Prior to the commencement of any other proceeding the surgeon should
select and conveniently arrange the instruments and other apparatus which
he may require : these are bistouries with straight and convex cutting edges ;
scissors of various shapes; dissecting forceps ; flexible and inflexible grooved
directors ; blunt and sharp pointed probes, which ought to be flexible, and
capable of receiving any shape which may be most convenient : curved
needles having blunt points and edges, similar to those used by Baron
Larrey ;* Deschamp’s needles,t or those having handles, with lateral or
anterior curvatures, such as are always used in England; and, lastly, the
ligature which is to be applied to the vessel.

The requisite apparatus are few : fine sponges: waxed threads, which
are sometimes required to tie such vessels as may be wounded during the
operation ; some strips of plaster: lint; pledgets made with holes and

* Curved needles ought not to be used for sutures, being dangerous to the parts upon which they are
employed.

t+ When Deschamp's needle is used, its curvature ought not to exceed the kh of a circle und it should
likewise possess u spiral figure
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covered with cerate; several other common compresses of different sizes;
thread ; pins, and several vessels containing water.

When these have been arranged in such order as the operation may require,
the surgeon, with the aid of his assistants, must place the patient in that
position which he considers the best calculated for enabling him to apply the
ligature. This being done, and the patient supported by those appointed
for the purpose, a skilful assistant having compressed the principal artery of
the limb upon which the operation is about to be performed, the operator
by means of a convex edged bistoury makes an incision through the skin,
which ought to be as parallel as possible with the direction of the artery,
its length varying in proportion with the depth of the vessel which it is
intended to lay bare: generally speaking, there is less error in making the
wound longer rather than shorter than what is necessary : if it be too small,
the operation is rendered more tedious and painful, in consequence of the
greater difficulty experienced in reaching and insulating the artery: the
liability to inflammation and more extensive suppuration is also much
greater under these circumstances than when the wound is very large.
Having divided the skin, the subjacent parts may be cut through by a second
stroke of the bistoury, without any fear of danger, if the vessel be deeply
situated, a fact which it is always easy to ascertain. On the contrary,
if only a thin layer of cellular tissue and some aponeurotic threads are found
laying between the skin and artery, which is frequently the case, great
caution must be used not to injure those parts which it is important to
preserve. The subcutaneous laminz must in this case be raised with the
forceps and opened by dedolating* a portion with the bistoury held in a flat
position, then introducing a grooved director through the aperture they
must be divided above and below until the incision is of an equal extent with

* This word is introduced because it has no single equivalent expression in our own tongue—* Dedolation,”
in French, signifies « The act of cutting any body obliquely with a sharp-edged instrument, so as to produce a
wound accompanied by loss of substance. (Trs.)
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that in the skin. This being done, it is necessary that the same precautions
should be used in opening the proper sheath of the artery, which connects it
with the adjoining parts. It is, however, not only unnecessary but would be
dangerous to make the size of the incision equal to the others, because
by so doing the arterial parietes would be rendered liable to an inflammatory
attack ; its extent ought not, therefore, to be greater than what is required
for enabling the operator to separate the artery without difficulty from the
accompanying vein and nerves: the probability of a consecutive inflammation
of the extremities of the artery (an accident which may occasion the most
fatal consequences, as will afterwards be shewn) is diminished in proportion
as the insulation of the artery is small: the same reason which renders it
dangerous to open the cellular sheath of an artery requires that it shall
neither be displaced nor raised with any greater violence, by the ligature,
or any other body by which it is surrounded or supported, than can possibly
be avoided.*

A disregard of this recommendation often entails most dangerous conse-
quences ; for the cellular and vascular bands which connect the surface
of the vessel with the interior of its proper sheath are thus sometimes
destroyed : and when this occurs the artery becomes (in effect) a foreign

* As our Author’s opinions differ in some degree from the deductions made by Dr. Jones, it may not be
irrevelant to suggest the inquiry how far these discrepancies were occasioned by the neglect of a due observance
of the precautions respecting the displacement and separation of the artery from its sheath, during his
experiments, to ascertain the natural means of restraining hemmorrhages. The attention of the reader is
directed, particularly to the mode in which Jones drew out the artery from the wound by the ligature, and to
the consideration of the effects which such violence must have occasioned.

Let the reader refer to the details of exp. 2, page 30, (JoNEs) and its dissection, to exp. 5, 11, 12, &c. (and
it may be fairly supposed that throughout the whole of that section a similar method of experimenting was
followed inasmuch as the contrary is not stated) and he will then be able to reconcile the statements respecting
the coagulum and arterial parietes given in pages 45 to 145 with those of our Author.

From the details of exp. 13, page 153, it appears to be placed beyond a doubt that little or no care had been
taken in the previous experiments to avoid the violent insulation of the artery from the surrounding parts, and

consequently the correctness of the deductions respecting the invariable existence of the coagulum is materially
shaken. (Tgs.)
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body surrounded by living tissues. The only connexion, indeed, which
it holds with the rest of the organism, is by its continuity, and if under
these circumstances the patient is neither young nor of good constitution,
and the performance of the operation has been difficult, there is great
probability that the artery will not unite with its sheath by the adhesive
process, but that suppurative inflammation will be developed between the
parts. In every instance this separation is invariably injurious: because
should it even not be followed by suppuration, it constantly impedes the
progress and succession of those phenomena which must take place in the
two extremities of the vessel, before its closure is perfectly established.

When an artery is insulated within its sheath, its vitality is materially
diminished, and it may be reduced by this kind of artificial means, even in
a young and vigorous individual, so as to be placed upon an equality with
that of a similar vessel in an aged person, but which has maintained its
adhesion entire. This, however, will be considered again.

So soon as an artery is completely insulated for a short distance, the
surgeon must pass the ligature around it, if he intend to tie the vessel:
or place the presse-artere upon it, if he merely wish to flatten it. Whether
Larrey’s needle, the needle-pointed probe, or the hafted needle be used,
when the artery is situated by the side of the vein, it is better to introduce
the instrument between the vessels so as to make it protrude on the opposite
side, and thus more certainly avoid the possibility of injuring the vein.
Should it, however, be situated posteriorly to the artery, this vessel must
be raised in a very gentle manner, and the threaded instrument cautiously
glided under its posterior surface. Displacements of the vessels to this small
extent may be effected by means of a pair of dissecting forceps, and a
grooved director, or the ivory handle of a scalpel. One of the vessels is
seized by the forceps and thus drawn to the right or left side, whilst with
the instrument, the other is pushed in a contrary direction; similar care
must be taken in separating the artery from the surrounding nerves, but
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instead of including the nerves in the forceps, they must only be turned
on one side by the director ; for any compression of these cords produces
very great pain, and frequently occasions a spasmodic contraction of the part
to which they are distributed, an accident which the surgeon will always be
anxious to avoid.

After the thread is placed under the artery, the ends hanging out of the
wound, the surgeon must take them in one hand, and apply a gentle traction
so as merely to support the vessel, whilst with the indicator of the other hand
he compresses the artery against the doubling of the thread by which it is
supported, and at the same time orders the assistant to discontinue his
pressure upon the artery. If, during this procedure, the hemorrhage or
pulsations of the artery, below the part compressed, do not re-appear, there
will be every certainty which can possibly be had, that the operation will
prove successful. Finally, before the first knot is tied, the surgeon must
again assure himself, for the last time, that he has not included either vein or
nerve within the ligature ; being satisfied in this respect, a single knot must
be made and lightened in a degree proportioned to the effect which he is
anxious to produce ; namely, the section of the internal and middle coats of
the artery or the maintaining of their integrity : but whatever be his aim, he
must use every precaution whilst tying the knot, neither to raise nor drag the
vessel from its situation: this he will accomplish after having brought the
knot to the vessel by introducing his thumbs or indicator fingers, if the
wound is deep, between the threads and drawing them in opposite directions,
by placing the nails of each finger against the other: having made the first
knot, the assistant must place his finger upon it so as to prevent it giving
way, when the second should immediately be tied. Every surgeon is aware
that there is no utility in tying several : and it has also been equally well
understood, for a long period, that what was formerly named the surgeon’s
knot is not only useless but inconvenient.

When the artery has been thus tied, the wound must be united by the
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adhesive process ; and, in order that as small a foreign body as possible may
be left in it, one end of the ligature must be cut off close to the knot, the
other must hang dependent from the wound, to facilitate the withdrawal of
the knot, upon its separation from the artery. This is a precaution which
must never be omitted, for should the parts cicatrize before such separation
has taken place, abscesses will afterwards form until it is expelled. (Prate L.
fig. 7.) (ArrEnDIX G.)

In the course of my experiments I have frequently employed ligatures of
various animal substances; as silk, catgut, nervous filaments, tendinous
fibres, threads of untanned leather of different sizes, made of sheep or rabbit
skins; but immediate union has never been effected upon these foreign
bodies, without being afterwards succeeded by abscesses for their escape. I
am aware that celebrated individuals and accurate observers, have published
facts which are at variance with this statement, but I am the more inclined
to maintain this opinion, because I know that it is entertained by several
.Parisian surgeons, and amongst these, by Professor Dupuytren : this talented
practitioner has constantly observed the union of the wound to be retarded,
purulent accumulations being formed until the ligatures were entirely ex-
pelled; which is sometimes not accomplished until two or three abscesses
have succeeded each other.

Two facts of the nature may be here instanced : the first was observed in
a young fox, the primitive carotid artery of which was tied with a silk
ligature, and the wound united by adhesion. Six weeks after the operation,
a large abscess formed in the course of the vessel; when it was opened, and
the interior examined, the knot of the thread was found attached to the
parietes : it was easily extracted ; and there can be no doubt that if it had
not been taken away, or naturally expelled, by this suppurative process, other
abscesses would have been formed until this was effected. The second case
occurred in a large dog: in this instance, the axillary artery was tied, and a
silk ligature used. This animal suffered under three abscesses in the axilla

R
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for a period of five months after the operation : had I been able, as in the
fox, to perceive the ligature, the two later collections of pus would have
been avoided : but this was prevented by the depth of the wound. When
the first abscess was healed, a portion of indurated cellular tissue, of the size
of a pigeon’s egg, was found an inch and a half, or two inches deep, which
necessarily resulted from the presence of a small foreign body. At the
termination of the second abscess, the remaining induration was scarcely
equal to the size of a nut, and as the depth below the surface of the skin was
only a few lines, that which subsequently took place, easily expelled this
body. :

Similar results as decidedly take place when other animal substances are
employed, as ligatures for the vessels, as when silk is used, if neither of the
extremities are left out of the wound, to allow their withdrawal, as soon as
loose : the most rational treatment, therefore, consists in always uniting the
wound at once, so as to obtain as perfect union by the adhesive process as
possible, but the surgeon must not neglect to make the number of the ends
of silk, hanging from the wound, correspond with that of the ligatures. When
the dressings are applied, these threads ought to be enveloped in a piece of fine
linen, that any dragging may be avoided ; they should then be placed in the
most dependent part of the wound, or what is preferable, that situation
should be selected which will place them in contact with the living tissues to
the smallest possible extent. Having used this precaution, the wound must
then be dressed, the edges brought together, and maintained in apposition
with slips of adhesive plaster: they must then be covered by an open
compress spread with cerate, upon this a slight pledget of fine charpte must
be placed, an ordinary compress upon that, and the whole retained in
its situation by a gently applied bandage. The first dressings, like those of
simple wounds, ought to remain undisturbed for three or four days.

Having explained the rules and plan which are to be followed in applying
a ligature upon arteries in general, we must next describe what takes place
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in the wound, and point out the course which nature pursues in effecting an
obliteration of these vessels: and it will appear that the phenomena which
are developed, both within and around the artery, present very great
differences, ceteris paribus, according as small and round, or broad and large
ligatures are applied, or the presse-arteres employed.

DESCRIPTION OF EFFECTS PRODUCED IN ARTERIES, BY THE APPLICATION OF
sMALL AND ROUND Licatures. The first operation of the thread is to
produce a puckering and approximation of the arterial parietes to each other.
When they are in contact, and the ligature is again still further tightened,
the internal and middle membranes of the artery are divided by a clear and
even section, and the cellular tunic itself, which, by the powerful pressure of
the ligature, has been the direct means of effecting this, resists its operation :
the superior and inferior lips of the section of the internal tunics retracting
at the same time, the cellular membrane is alone included in the ligature, the
divided internal membranes being directed inwards above and below the
thread, on the one side towards the heart, and on the other towards the
capillaries. The consequence of this is, that the arterial cavity above and
below the ligature assumes a conical figure, the apices of these cones being
formed by the lips of the divided internal and middle tunics, prevent the
transmission of blood beyond this part, which then beats against the cellular
tunic. In this point, then, the entire power of the ligature is concentrated,
for the lips of the divided internal tunics are only approximated and held in
mutual contact by the pressure or constriction exercised upon them by the
external tunic, by which their edges are inclined towards the centre of the
vessel. At the same time that this moderate and steady pressure is sufficient
to produce a closure of the arterial calibre, it is effected in such manner
as not to impede the progress and developement of the vitality of these two
membranes : that portion of the cellular tunic which the ligature exclusively
surrounds is destroyed, and suppurative inflammation is developed for the
purpose of causing its detachment, together with the ligature from the living
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parts. In this manner the ligature ultimately effects a complete section
of the vessel; the internal and middle membranes being cut through
instantaneously, whilst the external or cellular tunic is only divided at a
later period. (Arrenpix H.)

The effects which take place in arteries by the application of a ligature
shall now be specially described. It has been stated that the internal and
middle tunics are completely divided, (Pr. I. fig. 1, 4,) and that when the
ligature only acts upon the cellular tunic, the lips of the section of the two
former membranes are in apposition with each other, (Pr. I. fig. 5, d,) an
accurate idea of this may be formed by examining this figure. Although the
vessel is opened, it will be very readily seen, that when it is closed the lips of
the division of the internal membranes must be in contact with each other.
Such being the situation of the parts, the following changes are produced.
At the termination of eight or ten hours, (it may be rather sooner or later,
aceording to the state of the individual and the artery,) a quantity of thickened
albumen, or coagulable lymph, according to some authors, exudes upon the
divided surface of the internal and middle membranes, and unites these parts
together ; and almost immediately after its first appearance, a gradual increase
in its quantity and consistency begins to take place. The column of blood
which is incessantly impelled against the obstacle by which its further trans-
mission is prevented, deposits some fibrinous filaments, forming the first
rudiments of a coagulum : the combination of the concrete albumen and this
rudimentary coagulum, unites the divided edges together, but in a manner so
feeble that the slightest motion of the parts is sufficient to produce their
separation..  When some time has elapsed after the operation, for instance,
twenty-four or thirty hours, the appearances vary : the quantity of the newly
formed substance has increased considerably, and its organization becomes
considerably developed : so that at this period, the filaments have obtained
sufficient strength to maintain the lips of the small wound in approximation,
when the artery is opened throughout its whole calibre. (Pv. 1. fig. 5, ¢,)
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internal surface of the artery, and there forms a very distinct layer. (Pvr. I
fig. 8, f) It is this layer of unctuous substance which, assimulating in
properties with the coagulable or plastic lymph already described, unites the
surface of the coagulum with that of the artery at an early period: a circum-
stance which occurs so soon as this coagulum has become sufficiently large to
fill the vessel. The precise time at which the coagulum comes into contact with
the arterial parietes, varies considerably : I have occasionally observed it in
young animals between the twentieth and thirtieth hour, but it usually takes
place from the thirty-sixth or forty-eighth hour, and ocasionally at even a
more remote date. Whenever it is accomplished adhesion between these
parts is immediately established, but, similarly to that which takes place
between the lips of the divided internal and middle membranes, it is very
feeble in the first instance, but rapidly acquires a considerable degree of
firmness. Until this time, the unctuous substance is poured directly upon
the coagulum, but the exudation soon after ceases, at least, I have always
found it impossible to detect any increase in the thickness of this layer, after
it appeared reasonable to suppose, from its degree of consistency, that
adhesion had existed for six or eight hours; and this is placed beyond doubt
by the fact, that, reckoning from the period when the mass or size continues
unaltered, its organization and structure are different, and become at this
time changed in their appearance. (Pr. I. fig. 1, d) To give a better
notion of the character of the membranous layer which is formed upon the
coagulum, it has been stripped from the superior and inferior portions.

_ It has been proved that the coagulum is formed and increases from the
centre to the circumference, and that the enlargement of the arterial parietes
is produced by the accumulation of unctuous matter upon their internal
surface : in consequence, therefore, of this increment in opposite directions,
that of the coagulum from the centre to the circuinference, and that of the
parietes of the vessel from the circumference to the centre, an union of the
two must inevitably take place at one period or other. We have already
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stated, that great differences are observed, as to the precise time when this is
effected, depending upon a variety of circumstances to which the coagulum
or parietes of the vessel, and frequently both these parts, are simultaneously
liable, and the nature of which it is occasionally difficult to ascertain. This
coincidence shews that the retardation of the union is more the result of
some general defect of the organization, than of a local disease or accident :
and such in reality is the fact; for it is ascertained that the general circum-
stances which most favour an early union of the coagulum with the artery,
are youth, a plethoric and sanguineous temperament, and an inflammatory
diathesis, which the individuals possess, either constitutionally, or from
atmospheric influence : on the contrary, it is counteracted by old age, and a
lymphatic constitution, which has been enfeebled or reduced by chronic
disease.*

A knowledge of the local conditions is always easily acquired : they depend
upon the healthy or morbid state of the artery, and the position of the
ligature with reference to any large collateral branch : whichever stateé exists,
so soon as the coagulum of blood has enlarged so as to fill the cavity of the
artery, and it has united with the internal membrane by means of the
flocculent matter which is intermediate to these two parts, new phenomena
develope themselves, by which the magnitude of the coagulum is not increased
so much as its organization.

It has been stated that the greatest addition to its size is made from the
centre to the circumference: we shall now shew that the vital organic pro-
perties appear in its tissue, but that they take an opposite direction, i. e. pass
from the circumference to the centre. Thus, the first molecule of the
coagulum having been deposited by the blood in the centre of the vessel, so
soon as it has formed an union with its parietes, they transmit to it the first
vital motions; and the rapidity and vigour with which this is accomplished,

* See “ BrLoop " in the admirable Lectures upon Comparative Physiology, by Professor BLainviLLE.



are proportionate to the degree of vitality which the vessels themselves
possess: in young individuals, when the membranes of the vessel are
unchanged by the presence of any cartilaginous or osscous plates, this
transmission of life to the coagulum, from the arterial parietes, is effected
very rapidly ; whilst, on the contrary, it either takes place very slowly or
not at all, when these deposits are very numerous, and extend over the
most considerable portion of the internal surface of the artery : similar results
also occur, when the adhesion of the vessel with the cellular sheath has been
extensively destroyed by any injudicious manipulations: for in this case the
surgeon has deprived himself of one of the most valuable recourses towards
securing the success of the operation.

When the artery, upon which the ligature has been applied, is placed
under the favourable circumstances which have been pointed out, the first
effects of the vital impulsion made upon the homogeneous mass of the
coagulum, and the coagulable lymph by which it is united to the vessel,
begin to be visible between the sixth and tenth hour after their union is
completed ;: and are indicated by the surface of the coagulum and the
substance connecting it with the internal membrane of the vessel, assuming
a filamentous appearance, * which soon becomes areolar.  This gradual
change of ‘coagulated blood into lamellated tissue extends through the
successive layers of the entire substance of the coagulum ; but, previously to
the central portion having reached this degrec of vital organization, red
coloured strize appear in those parts which are nearest to the artery. These
seem to be absorbent vessels which slowly and imperceptibly take away the
colorific principle of the blood, for the purpose of throwing it into the course of
the circulation ; and when this substance no longer exists, the strie lose their
colour, become solid and much more resisting than before, and ultimately
terminate in forming the basis of the fibrous web, into which the sanguineous

*Pr. L fig. 1. d. When a portion of the lymphatic substance which covers the coagulum is taken awav,
the most superficial Jayer of the latter is also removed.
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coagulum is always changed. It is probable that each filament is formed of
an obliterated vessel.

That I might be convinced of the vascularity of the red lines which have
been described, I have frequently thrown fine injections into them, using
every possible care, to avoid detaching the coagulum by the mode of
injecting : * but I succeeded twice only in passing it from the vasa vasorum
into their interior : in the other instances, the injection spread itself over the
coagulum, and separated it from the artery. Should the latter circumstance
not be considered to authorize the opinion which I have advanced, as to the
nature of the red striee which are found in the coagulum, it does not at least
militate against it, any more than the impossibility of injecting the placental
from the uterine vessels, does not overthrow the opinion which has been for
gome time received, respecting the double exhalation and absorption which
reciprocate between the uterus and placenta.

Notwithstanding the first vessels appear upon the coagulum and the
exuded substance by which it is united to the artery, before the end of the
first week after the operation, and sometimes even prior to this, they do
not penetrate its substance thoroughly, before the lapse of a much longer
time, eight or ten weeks for instance: and it may be more or less in
proportion to the thickness of the clot. The transformation of these
vessels into lamellated, and subsequently, fibrous tissue is not completely
effected until after a still further lapse of two or three weeks ; this, as is well
known, depending upon the age and constitution of the individual.

Whilst the phenomena which have been described are taking place, either
in the lips of the division made by the ligature in the internal and middle
membranes, or between these parts and the base of the coagulum, or the
surface of the latter and the interior of the artery, others are developed. in
the parts constricted by the ligature : but they are of a much more simple

* To effect this, it is sufficient to place a ligature between the point tied, and that where the injection is

passed, taking care to have between these two parts some collateral branches.
T
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character, are less numerous than the former, and have also a more rapid
progress. Three or four days after the application of a ligature, which
has divided the internal and middle coats and includes the cellular tunic
only, inflammation of this membrane takes place, if as we have supposed
the thread be very small, and parts adjoining the ligature have not been
injured by long and painful manipulations. In the first instance it
will assume the adhesive character, the primary result of which will be
to unite the superior and inferior ends of the artery which are placed
in contact, in consequence of the pressure of the ligature. (Pr. I. fig. 4, c.)
This union extends throughout the greater part of their circumference, but
the size of the knot, and presence of one or both ends of the ligature, prevent
it from being complete. In a short time the inflammation increases in
intensity and extends above and below the ligature to a variable distance :
but I have never observed it pass to a greater distance than two or three
lines in each direction, beyond that portion of the vessel which has been
denuded or insulated from its sheath. Five or six days after the operation,
the inflammatory action whieh is seated in the parts included by the ligature,
terminates in suppuration. The effect which is first observed, is the destruc-
tion of the albuminous tissue uniting the two ends of the artery, (Pr. I
fig. 4, ¢) This is succeeded by the detachment of that portion of the
cellular membrane which is included and destroyed by the ligature, and by
the escape of the silk. If the inflammation of this part be not extremely
violent, that which has been described as extending to the distance of some
lines upon the artery, maintains a lower degree, and does not pass into
suppuration: by this, the resisting power of the cellular membrane is
increased and not diminished, because whenever inflammatory action does
not terminate in the suppurative process, a thickening of the tissues is
produced, and a greater degree of firmness acquired.

During the period that the inflammation is extending upon the surface of
the artery, it also penetrates to the centre of each of its extremities ; but, as
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in this point it meets with the inflammation which has already taken place in
the divided lips of the internal and middle membranes, its intensity is here
increased, and suppuration ensues: and thus, the adhesion (Pv. L. fig. 5, ¢,
and fig. 3, c,) uniting these parts to each other and to the base of the
coagulum, is always destroyed. It hence appears, that the means which
nature primarily employs for obliterating the vessel, entirely disappear; and
at this time the coagulum and its union with the internal membrane offer the
only preservative against consecutive heemorrhages. (Pvr. 1. fig. 1, ¢, d; b. fig.
7, ¢ ¢; 1b. fig. 10, f, e.) The positive necessity, thérefore, of the presence of
a coagulum of considerable size to render the operation successful is evident,
whether it shall have been performed upon an artery of large or middle size,
as for example, the crural and brachial* I have asserted that the union of
the internal membrane with the coagulum is more intimate in the small than
large vessels, (Pv. 1. fig. 8, d,) because they enjoy greater vital powers. A
similar remark has been advanced when making the comparison between the
arteries of old, and those of young men : the former corresponding in their
result with the large trunks, and the latter with the smaller vessels. The
favourable chances of the operation are then all on the side of youth. Should
a coagulum not be formed, which is the case when the ligature has been
placed too near a collateral branch of rather a large size, hseemorrhage will
inevitably follow the rupture, or rather the destruction of the cellular
membrane, which the suppuration occasions. The same accident occurs if]
from any cause, the external inflammation of the vessel becomes very intense,
and is propagated through the tunics to the coagulum : but, in this case, the
heemorrhage happens rather later, because some time must elapse before the
coagulum can be destroyed. When speaking of broad ligatures, we shall
trace and describe the disappearance of this body in consequence of
suppuration.

* Mr. Guthrie says, « My observations have not led me to believe that a coagulum is absolutely necessary to
the permanent closure of the artery, although it certainly assists in maintaining it.”



76

OF BroaD axp FrLat Licarvres. When, instead of a round and small
ligature, one that is broad and flat is applied upon an artery, (such, for
instance, as are formed by uniting four or five threads until it has about two
lines in breadth,) the appearance and succession of phenomena which have
been described, become modified in a singular manner: and, as every
condition of the operation (with the exception of the form and size of the
ligature) correspond, it results that all the marked differences must be
strictly attributed to this cause, inasmuch as it is the only circumstance
which has varied.

It is unnecessary to recapitulate the general precautions which are indis-
pensably requisite in laying bare and insulating the artery, or respecting the
mode of tightening the ligature, as these points have been already considered
and are always similar, whatever be the kind which is to be applied.

When an artery is tied by a broad ligature, its opposite parietes are
forcibly approximated ; after they have been placed in contact, if the
application of the power is further continued, the internal and middle
membranes are ruptured by a species of triturating or grinding operation,
for an extent equal to the breadth of the ligature : and as the section which
is made is irregular, it consequently happens, that processes or clongations of
these tissues are always left in that portion of the cellular membrane which
the ligature includes and constricts.

These shreds or processes prevent that slight folding or retraction from
above and below, and that inclination of the divided lips of the internal and
middle membranes towards each other, which have been described as taking
place when a small ligature is used (P1. I. fig. 5: ib. fig. 1.); and hence
not being maintained in contact at the point of section, but on their inter-
nal surface only,* they are placed in the outset, under less favourable

* Pv. L fig. 3. In examining the opened artery, a, the ligature, it will be seen that the divided lips of

the wound made in the internal and middle membranes are not turned to the centre of the vessel, as is
observed in fig. 5, and fig. 1.
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circumstances for their early agglutination. The coagulable lymph which
exudes, is effused externally between the surface of the lips and the cellular
tunic, instead of being poured out between the lips and the interior of the
artery, where it fixes the first rudiments of the coagulum, when a small
ligature is used. As that which ought to have been internal thus becomes
external, the extremities of the artery are separated from each other for a
distance equal to the breadth of the ligature, the adhesion or flocculent union
which, under the application of a narrow ligature, is effected between these
two portions of the vessel, (Pvr. L. fig. 4, c.) is by this intervention rendered
altogether impracticable (Pr. I. fig. 2, 4.): and. the ligature consequently
continues exposed throughout the entire circumference of the vessel; a
circumstance which, in conjunction with its magnitude, materially contribrutes
to increase the suppurative inflammation which must necessarily supervene.

It has been already stated, that the position of the lips of the divided
internal membranes is such, in a vessel tied with a broad ligature, that the
plastic lymph which is effused, is distributed externally upon the cellular
membrane : this fact is proved in the third figure of the first plate. For no
appearance indicative of the presence of this plastic lymph, which ought to
cover the edges of the section of the internal membranes of the artery, can be
found either upon the vessel or the ligature a : whilst, on the contrary, in the
same artery, ligature ¢, this substance is found as abundantly as in figure 5
and 1, because in this preparation, as in those which have been described, the
ligature was made of a single thread. The deduction, therefore, which must
be drawn, is, that the difference in the results can only be attributed to a
difference in the size of the ligatures employed, as the comparative ex-
periments were performed upon similar arteries, and, in one instance, upon
the same vessel. ‘

In consequence of the plastic lymph being poured out on the exterior of
the cavity of the internal membranes of the artery, the opposite sides of this
membrane adhere at their point of contact, merely by the quantity of

U
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unctuous matter which is secreted : and this adhesive process takes place also
at a much later period than when a small ligature has been employed.

The same is also true respecting the union of the coagulum with the lips
of the small wound : for the filaments of coagulable lymph, (Pv. L fig. 5, ¢ ;
¢b. fig. 8, d, d,) which are so well calculated for fixing the primary molecules
to the apex of the arterial cavity are absent: as this point of support is
wanting, the coagulum only begins to appear about twelve or fifteen hours
after the operation, and continues to increase very slowly ; this is probably
attributable to its great mobility. In fact, the coagulum , of figure 8, is
loose throughout, whilst ;that- of figure 5, upon which' the operation was
performed at the same time, is already attached by its base to the filamentous
tissu¢ of the new formation c¢. It is, therefore, apparent that the- first
. phenomena which follow the application of a broad and flat ligature upon an
artery,—the relative situations of the divided lips of the internal and middle
membranes, the exudation of plastic lymph by which they ought to be tem:
porarily united, and lastly, the appearance and growth of the coagulum,.are
retarded by its employment. As these phenomena are dependent upon each
other, it is only necessary that one circumstance be changed to  cause a
variation in the whole of the remainder. And thus, in the present instance,
by the irregularity in the relative position of the lips of the section of the
arterial parietes, the whole of the consequences become modified.*

'If, in the case described, the phenomena which first succeed the operation
make very slow progress, great difference is observed in the rapidity of such
as ought to take place more tardily, by which the operations which nature
has performed for producing an obliteration of the vessel, are destroyed : for
in consequence of the size of the foreign body which is left in the wound;
the inflammation is more rapid and much more violent ; and, instead of the
suppuration being limited to the parts which are in immediate contact with

* If the state of the divided edges of the parietes of the artery, fig. 3, ligature a, be compared with the
same parts in fig 5, an exact idea will be obtained of what is meant.
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the thread, as when a small ligature is applied, it always extends to a distance
of eight or ten lines, at least, and sometimes more, upon each extremity :
moreover, this inflammation will have a much longer duration, because the
included tissues are compressed for a greater extent, and divided more slowly
than when the pressure is confined to a much more limited surface : it is,
therefore, probable that the greater part of the adhesion of the coagulum to
the parietes of the vessel will be destroyed by a suppurative inflammation
which passes from the exterior to the interior of the vessel. Under these
circumstances, the base of the coagulum is loosened and rounded, and that
portion- of its surface which is detiched from the artery is smooth and
covered by a layer of pus. (Pu. L fig. 10, d) When this coagulum is
compared with that of the opposite end of the same figure, ¢, in which
inflammation has not occurred; an.accurate notion will be obtained of the
primary changes which this proeess induces: the former is small, loose in
the artery, and destroyed by suppuration from its base to theapex ;. the
latter, on' the contrary, possesses a very regular conical figure: its: entire
surface adheres to the internal parietes of the vessel, and the edges of the
truncated base are firmly united to the lips of the division made in the
internal and middle tunics (PL. I. fig. 10, ¢.): the same arrangement is also
very strongly marked in figure 7, e.

From what has been explained, it will be inferred, that if the dxatance
which is found between the ligature and a considerable collateral branch, as
we have supposed, be similar in both modes of operation, the probability of
success is altogether in favour of small ligatures, because by their use,. those
suppurations which destroy the coagulum, to a greater or less extent, aré
altogether avoided : for it is easy to understand, that if suppuration has
destroyed the coagulum to the extent of seven or eight lines, the size of the
whole not exceeding ten or twelve lines, the remaining portion will be
insufficient to withstand the impulsion of the blood. In this instance,
hemorrhage is more sure to supervene, in proportion as the performance of
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the operation is speedily succeeded by the suppurative process.  If no general
circumstance oppose the adhesion of the coagulum with the artery, union is
usually so strong in twelve or fifteen days, that the most feeble remains of
this body are capable of preventing hamorrhage.

But should any peculiarities, as the advanced age of the patient, an altered
state of the arterial tunics, or an undue insulation of the vessel by the
surgeon, have retarded the developement of the adhesion which has been
described, haemorrhage then becomes inevitable. When inflammation and
suppuration have almost entirely destroyed the original coagulum, the
hemorrhage may be prevented by the formation of a new cpagulum, or rather
by an increase of the remains of the former. This growth is facilitated by
the slight degree of inflammation which is invariably found at the limits of
one of greater degree; and produces a more copious exhalation of unctuous
matter, precisely similar to what has been observed to take place, at the two
ends of an artery upon which a single ligature has been applied. It may
easily be supposed that for effecting this, it is indispensable that the distance
found between the part where the secondary developement of the coagulum
takes place and the origin of a large collateral branch, is as great as nature
requires : for, unless this is the case, every cffort which she can make will be
ineffectual. If, for example, the ligature is placed upon the middle portion
of the femoral or towards the superior portion of the carotid artery, though
the coagulum were destroyed to the extent of an inch or an inch and a half;
the danger of haemorrhage is not imminent : but should its situation be one
or two inches below the origin of the femoral profunda, or an equal distance
beyond the origin of the carotid artery, the coagulum, being incapable of
increase in consequence of the great mobility and power of the column of
blood which is incessantly beating upon it, is partially or entirely detached
from the parietes of the vessel, and ultimately is rapidly removed by the
same power, which has prevented the sccondary developement.  This
condition is immediately succeeded by hamorrbage.
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After what has been advanced, the great importance of the precept which
practitioners have laid down, will, I think, be admitted, viz., that when it is
necessary to tie an artery, all the collateral vessels which are of a certain size,
must be avoided as much as possible, especially if they are situated between
the heart and the ligature. The proximity of the collateral vessels which
are situated between the ligature and capillaries, although in some instances
of much larger size than those already described, is not nearly so pregnant
with danger, because, however rapidly the blood may be carried from the
superior to the inferior end, it never acquires an equally impulsive power in
the latter as in the former: there is consequently less apprehension of any
displacements of the coagulum, and of secondary hamorrhage.

We think, therefore, that in accordance with the mode in which haemorrhages
have been proved to take place—consequent upon the tying of an artery,
there can be no hesitation in selecting the small in preference to the large
ligature : for it has been shewn, that hzmorrhage invariably results from
suppurative inflammation seated in the extremities of the artery; and also
that this inflammation is particularly favoured by the presence of a large body
in the bottom of the wound : from the whole, then, this conclusion must be
drawn, that, all other circumstances being equal, the use of a small ligature,
is preferable to that of a broad ligature, from the advantages which it
secures.*

* It appears highly improbable, that a broad flat ligature should make such a wound in the internal and
middle coats of an artery, as is most favourable to adhesion : because it is scarcely possible to tie it smoothly
sround the artery, which is very likely to be thrown into folds, or to be puckered by it, and consequently, to
leave an irregular, bruised wound, made in its middle and internal coats. And even if it should make a proper
wound, yet, by covering a considerable space of the external surface of the artery, it may destroy the very
vessels which pass on it in their way to the cut surfaces of the internal and middle coats, and thereby render
them incapable of inflaming.

* * * But admitting that such a ligature makes a proper wound, and that the wound unites, still it
may cover that part of the external coat which is directly over the newly united part: and consequently, as
soon as it has occasioned ulceration through the external coat, it will produce the same effect on the newly
united parts, and of course secondary heemorrhage.” Jones on Hemorrhage, p. 168. (Trs.)

X
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Should any doubts remain in the reader’s mind, it is hoped that they will
be entirely removed by the observations which have now to be brought
forward.

Or L1GATURRS, WITH A FOREIGN BODY INTERPOSED BETWEEN THE ARTERY
AND THREAD. Scarpa first suggested the interposition of a foreign body,
of a certain size, between the ligature and vessel which it was intended to
obliterate, for the purpose of preventing any division of the internal and
middle tunics by the ligature, and the too speedy section of the entire artery:
the principle is similar to that which is exemplified in the use of the
presse-arteres, but is modified and rendered somewhat less disastrous in its
consequences. The object of this method, as well as that of the presse-
arteres, was to produce an obliteration of the vessel by flattening it, and the
mere approximation of its opposite parietes, without producing the slightest
physical change in its tunics. Secarpa, in common with the surgeons who
preceded him and had proposed the use of these instruments, attached
great importance to the latter consideration, and thought that the province
of art could not extend further in effecting the ultimate closure of arteries,
than by completely suspending the passage of the blood through their cavity,
without producing any injury in their tunics. (AppEnDIX I.)

It has been before stated, when treating upon large and flat ligatures, that
their use was injurious in the first place, in consequence of the effects which
they produced upon the parietes themselves, of the vessels, the internal
and middle membranes being divided by a force of a contusive nature, a
circumstance which invariably retarded their agglutination: and in the
second, because the consecutive inflammation was always more formidable
under the use of a broad than of a small ligature. If, as we have shewn,
these facts are true, it must naturally be concluded that, (all other things
being equal, a supposition which must always be made,) the larger the
foreign bodies are, which are retained in the wound, the greater is the
probability of a considerable and extensive inflammation, and consequently,
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that the expectation of a successful termination of the operation is propor.
tionately diminished : it must hence be admitted, that the plans which have
been proposed of producing a flattening of the artery, are more liable to
produce hemorrhage, than the application of constriction formed by a single
thread.* : :
In adopting Scarpa’s method, that is to say, in placing between the
parietes of the artery and the ligature which is formed of four or five threads,
a cylinder of linen, two lines in breadth, and four or six in length, when
the ligature is moderately tightened, the vessel is obliterated by the mere
contact. of its opposite parietes: but if under the same circumstances, the
ligature is tightly applied, the internal and middle membranes are divided
throughout the entire circumference of the artery which is unprotected by
the cylinder—a division which is more irregular and uneven than that
produced by the use of broad ligatures only: by this, the artery is placed
in .a state for procuring an early closure still less favourable than when a
foreign body is not interposed between the vessel and a large ligature, in as
much as it has been shewn that the greater degree of irregularity and
contusion which are occasioned by the division of the tunics, the more
slowly is adhesion effected. In the second place, it has been demonstrated
with equal clearness, that the liability to those accidents which are most to
be dreaded from the operation—inflammation and suppuration, is always in
direct ratio to the size of the foreign bodies which are left in the wound :
it must, therefore, be concluded, that Scarpa’s method is more detrimental

* In expressing a contrary opinion, Scarpa says, « By the ligature of the great arteries, as a radical method
of cure of aneurism, I do not mean a noose, with which the artery is constricted circularly, but I wish to be
understood to speak of a pressure made by a ligature of convenient breadth upon the artery, by means of
which its two opposite sides are brought into mutual contact, without the noose resting or pressing strongly
upon the sides of the artery, which is flattened rather than constricted circularly. And it is in this manner,
that the surgeon avoids the danger of the rupture of the artery, and of a secondary heemorrhage, and that he is
assured of obtaining the approximation of the two compressed sides of the artery, as if they were two smooth
planes placed over the other, and that they contract an adhesion to each other.” (Tas.)
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than the use of a large ligature alone. The talented Italian Professor,
however, expressly recommends, in his last memoir on this subject, that the
ligature be omly tightened to such an extent as will approximate and
maintain the opposite parietes of the artery in contact with each other, so
as to prevent any transmission of the blood beyond this part, without any
division or bruising, that the action of their vital powers may be disturbed
or impeded as little as possible.*

We shall now proceed to examine whether or not this mode of operation
ought to be preferred to the use of round and small ligatures; and whatever
may be advanced upon this subject, must be considered equally applicable to
the use of the presse-artere, because the principles of both are the same:
but, were we compelled to adopt one or the other of these plans, Scarpa’s
method would receive the preference, because the size of the foreign sub-
stance which is left in the wound is less than that of a presse-artere ; and in
the second place, because the solid and unyielding nature of the instrument
occasions much more serious difficulties than the apparatus employed by
Scarpa.

The phenomena which directly succeed the flattening of an artery by the
contact of its parietes; (no physical lesion of membranes having occurred,)
are simple and few. The figure of the cavity of the vessel is rendered

* After describing the previous steps of the operation he proceeds, ¢ The surgeon will then pass behind the
denuded raised artery a large-eyed, crooked needle, with a blunt point, frrying in the eye near to the point,
two waxed ligatures, each composed of six threads. After this he will withdraw the fore-finger of his left
hand, on the point of which he kept the femoral artery raised from the bottom of the wound, and will proceed
to the ligature of the artery. He will stretch the two extremities of the tapes in order to place them near
each other, he will then make with each a simple knot, and before tightening it on the artery, he will place
between it and the knot a small cylinder of linen rolled up, six lines in length and three in breadth, over
which cylinder he will tighten both ligatures with a simple knot, and with such a degree of force as he thinks
necessary to bring the opposite sides of the femoral artery into complete and firm conlact, not forgelting, however,
that he compresses a portion of living solid. Over the first knot he will make a second, likewise a simple one.
In making the simple kuot, the surgcon is enubled to caleulate the force which he employs in constricting the
artery which he cannot so well ascertain when he employs the double or surgeon’s knot as it is called.”
Scarpa, p. 281, (Trs.)
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conical above and below: the blood penetrates on both sides as far as the
apices of these flattened cones, but its coagulation only proceeds very slowly.
(The same order in the mode of description will be followed in this, as in
every former instance, those changes only being described which take place
between the point of obliteration and the heart; those which occur
between this point and the capillaries being similar, but more indistinct.)
Instead of observing the elementary rudiments of the coagulum between the
sixth and tenth hour after the operation, as when the internal and middle
tunics have been divided by a small ligature, in general I have seldom
noticed them until after the twelfth hour, notwithstanding the extremely
pointed figure of the cavity of the vessel must operate very favourably in
facilitating the coagulation of the blood, when compared with the somewhat
perpendicular closure, which arrests the circulation of this fluid, when a small
ligature has been applied. In the former case, the impulsive force of the
blood must be materially diminished, whilst in the latter it is maintained
nearly perfect, its power being very little modified. Some cause, therefore,
which is important for the formation of coagulum is wanting, since, notwith-
standing the favourable disposition of the arterial cavity, the period when
this begins to appear, is retarded ; this consists in the absence of plastic
lymph which is abundantly supplied by the edges of the wound, when it has
been made in the parietes of the vessel by small ligatures: for, unless the
internal and middle tunics are divided, the only substance which the artery
pours out to assist in forming the coagulum, is the unctuous lymph which
exudes from the internal membrane; the plastic matter, on the contrary,
which is secreted .from the wound of the membranes, in the first place
answering the purpose of uniting the lips of the wound, and then expanding
itself in the vessel, there forms a small tubercle which becomes the centre of
the rudimentary coagulum. It is readily perceived, that as this nucleus is
wanting when the artery is merely flattened, the difficulty of producing the
coagulation of the blood must be increased: and such is the fact. The

Y
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coagulum can only appear when there is a point for its attachment: and if
the tubercle of plastic matter is not formed, the unctuous lymph of the
internal membrane is the only means of furnishing it: but, as the union of
the latter substance with the apex of the vessel is much slower than that of
the former, the coagulum also, under these circumstances. must appear at a
later period.*

When the coagulum first appears, instead of being attached to the
artery by a broad base, as is seen, (PrL. I. fig. 1, f) its only connexion
is formed by a small point (nearly similar to that exhibited in Pr. L
fig. 8, b.); it is, therefore, very mobile for a considerable length of time,
and its primitive increase is thus materially impeded: but after it has
become sufficiently large to fill the arterial cavity, the developement of
its consistency and organization, run through the same course as in the
preceding cases. The whole difference, therefore, is attributable to the
smaller and more feeble union which it contracts with the bottom of
the vessel.

The flattened portion of the artery, which varies in extent according
to the length of the compressing plate of the instrument applied, or the
cylinder, if this has been used, suffers so great a degree of pressure from
these contrivances, the vitality of its tunics is almost entirely suspended ; and
thus, the changes which result in the interior of this portion of the vessel,
may be supposed to be almost reduced to the lowest degree (zero or O): for
when the artery is opened two, three, or even four days after the operation,
very few traces of unctuous matter can be perceived ; whilst, if the passage
of the arterial blood be suspended, by applying upon the vessel two ligatures,
at any distance from each other, and the interior of the vessel be examined,
only twelve to fifteen hours after, this substance has been formed in consider-

* From what has been said, it must not be supposed that when the substances which have been described,
are wanting, no coagulum whatever is formed : it is always produced, but much more slowly.




87

able quantity.* The different results obtained under these.two circumstances
are distinctly cawsed hy the different.states. of .the arterial parietes—which,
in ;the former case, are struck with death,: (if the expression may be allowed,)
whilst in the latter their vitality is maintained.: (Arrenpix K.) .. :

It may be.deduced, therefore, from what has .been advanced, that, in the
first; place, by the plan of flatteming the artery, the farmation and adhesion
of the coagwlum with the arterial parietes take place more slowly: than
when a small and round ligature is used; and secondly, that the artery
suffers an entire destruction to an extent equal to the length.of the.com.
pressing instrument which is applied : whilst by the .other method, a linear
portion anly is destroyed. It remains.to be examined, whether the advan-
tages of the consecutive phenomena compensate for.the. inoconveniences which
have been described. i

It has; plready- been. prevmusly st&ted and proved, that the effect of
every application of a ligature upon an artery, is to. produce a suppurative
inflammg4ion which destroys. the .cellular. tunic .included, by the ligature,
together with, the first adhesions.formed by the coagulum to the cul de sac
of the artery:. and also, that all other circumstances being equal, the degree
of inflammation . is always proportionate to the size of the foreign body which
is left in the middle of the living tissues. If these facts are correct, Scarpa’s
method ought to possess fewer advantages than those obtained from the use
of broad ligatures alone; and the application of the presse-artere, in
consequence of its size, should entail greater inconveniences than every
other mode of operation, and -such is the case. Whilst the inflammation,
which arises from the application of a small ligatyre, does not extend to a
greater distance upon the- two ends of the vessel than a few lines, that which
is occasioned by the presence of a cylinder, five or six lines in length, is much
more severe. .It not only extends further on the surface, but also to a greater

*'Pr. L fig. 3,/ A considerable quantity of this unctuous matter existed, between the two ligatures of the
carotid 5, Pr. I1. fig. 1. But it was removed by macerution for thirty hours in water.
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depth ; and invariably affects the three tunics and the coagulum itself, so as
to occasion the partial destruction of the latter: this circumstance, agreeably
with the statements which have been already made, always precedes the
secondary hamorrhages: and the violence of this inflammation, which is
primarily produced by the presence of a large foreign body, is maintained
and increased by the necessity of dividing the three membranes of the artery,
which, as is very well known, is accomplished with greater difficulty than
when the cellular membrane alone is constricted by a single thread.
(ArrenDIX L.)

Under these circumstances, this section of the vessels is effected with so
much slowness, that the various periods of its progress are easily traced
when attentively watched. When four or five days have elapsed after the
operation, and the parts which touch the apparatus have taken on the
suppurative process, the fibrous membrane as yet is merely softened : but two
or three days afterwards, the fibres are thoroughly divided by intersections
in such a manner, as to give to it a dentated appearance,* and during the
time that this division is taking place, the peculiar tissue of the middle
membrane entirely disappears. The destruction of this tunic continually
proceeds for an extent of six or ten lines above and below,+ but it occasionally

* Po. IL fig. 1, g. That the figures might not be unnecessarily multiplied this has been used as shewing
accurately what I have described, although the ligature used was formed of two threads only: but the knot
having followed the superior end during its retraction, induced a considerable degree of inflammation in this
part, and, in consequence, a portion of the internal and middle membranes were destroyed by suppuration.

+ Pi. L. fig. 9, b, indicates the situation where the ligature was placed. From this point as far as the ends
of the artery, it is easily perceived that the internal and middle membranes are wanting : they are entirely
destroyed from b to g and /: but from the two latter points to ¢ and d, some remains are seen upon the two
coagula. This figure shews that the membranes are destroyed from the exterior to the interior, and in addition
to this, that after suppuration has extended its ravages upon the internal membrane, it then affects the
coagulum itself, which therefore is invariably destroyed after the membranes: and it is clear that if in this
animal the distance had not been considerable, between the point where the ligature & was applied, and the
origin of a large collateral branch, heemorrhage would lave resulted : the same is true also in that represented
in Pr. IL figure 2, in which the destruction of the middle and internal membrane, and of the coagulum
extends still further, because a much longer period elapsed from the performance of the operation.
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extends further upon one extremity of the vessel than the other, if the
cylinder is unevenly applied.

It must here be remarked, that the position of the ligature on the end of
the vessel, however small it be, greatly influences the success of the operation :
for instance in figure 7, the presence of a single thread upon the inferior end
of the artery has been capable of exciting a suppurative inflammation which
has destroyed a portion of the arterial parietes, and almost the whole of the
coagulum. In figure 10, the ligature continued fixed upon the superior
extremity : this is also the point which the suppuration has affected: and
lastly, figure 12, the ligature which was formed of four threads, remained for
ten days after the operation attached to its superior end by cellular filaments,
which were sufficiently strong to have retained it perhaps four or five days
longer. But, in this subject, who was probably little disposed to inflammatory
action, no extensive suppurative inflammation supervened which was capable of
destroying a considerable portion of the artery and coagulum at once, examples
of which have been given, but rather a species of corrosive inflammation which
wasted both these parts at the same time : and it is easily proved when the same
artery is examined after being laid open, figure 18, that had this erosion con-
tinued, heemorrhage must have inevitably occurred. This fact shews the
necessity of attending to the recommendation which has been given by every
author, that the ligatures should be taken away so soon as they can be removed,
without requiring the exertion of any degree of violence. This precept ought
to be especially regarded, when the foreign body continues attached to the
extremity of that portion of the vessel which is nearest to the heart.

Hence, according to Scarpa’s method, and more especially, under the use
of a presse-artere, a very considerable extent of the vessel operated upon is
destroyed by the mere agency of the instrument or apparatus applied: and in
addition to this, the extensive suppuration which always supervenes, terminates
in a much greater destruction of the part than when the ligature is formed of a

small body. The deductions from these facts are ; that heemorrhages must be
z



90

more frequent after using large than small ligatures : that this terrible misfor-
tune is almost invariably produced when the space which intervenes between
the point of obliteration and the origin of a large collateral branch is insufficient
to allow the formation of a coagulum : that whether this space is at first wanting,
from having placed the ligature too near the origin of an adjoining branch ; or
that it is so much reduced below the necessary size by suppuration, that the
coagulum is incapable of resisting the impulsion of the blood, the consequences
are the same. Further, under the latter circumstances, at the same time that
suppuration destroys the membranes of the artery, and the substance of the
"coagulum, it is propagated to some distance upon the cellular tunic, and this
occasionally insulates it together with the parts by which it is surrounded, to a
distance of ten or fifteen lines, so as to prevent the remains of the coagulum
from maintaining such an adhesion to the internal membrane as would be
sufficiently strong to resist the impulsion of the blood : whilst so long as the
vessel operated upon maintains all its connexions, and consequently enjoys
perfect vitality, its union with the coagulum is so perfect, that the smallest
portion of its remains is frequently sufficient to prevent heemorrhage.*

To prevent the accidents which have been mentioned, Scarpa actually
recommends the ligature and cylinder to be taken away three or four days
after they have been applied upon the vessel. This is a very considerable
improvement upon his mode of operation. The consequent inflammation
and suppuration are undoubtedly less severe when the foreign bodies are
taken away at an early period after the operation, than if they are left to be
expelled by the efforts of nature, but this circumstance by no means proves
that Scarpa’s method is supérior to that of Dr. Jones’s: for at the moment
even when the ligature is withdrawn, the inflammation is much more active,
within the wound than when a single thread only is used.t And, moreover,

*® An example of this is given, PraTE L. fig. 12.

+ Whenever some particular circumstance, independently of the ligature does not increase it, as is instanced
in the animal from which the preparation given in Pv. I. fig. 7, was taken.
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the motions and unavoidable displacements which the extremities of the
artery must suffer during this second operation, which is always as painful as
the first, must also, when the vessel is deeply situated, tend to increase it:
and it would be by no means impossible when these manipulations are
performed, but a short time after the suspension of the circulation of the
blood in the artery, and before the coagulum has become firmly adherent to its
parietes, that immediate heemorrhage should be produced, especially in elderly
individuals, in whom the arterial tunics are very friable. (AppreNDIX M.)

In consequence of what has been said, I think that the use of small must gene-
rally * be preferred to that of large ligatures, however their mode of application
may be modified. Though I am fully aware, that very celebrated surgeons, as
Palletat, Monoir, and many others, report a successful result from the practice of
Secarpa’s method of operation, whilst others, as M. Roux, daily derive the same
advantages, without even adopting the modifications which he recommends; I
am convinced, notwithstanding, that these practitioners would have met with
more certain success, had the small ligature been applied.f (Arrenbix N.)

* I say, ““ generally ;” because it will soon be shewn, that when the arterial parietes are diseased, the broad
ligature, or even Scarpa’s apparatus are preferable to the small ligature.

+ < It was discovered by the celebrated Desault, that a round ligature drawn tight upon an artery made a clean
cut of its internal coat, and the experiments of Jones, devised and executed with equal felicity, have established
that the obliteration of an artery tied with a round ligature, is only the cicatrization of this cut. To ascertain,
with precision, the effects of ligatnres of various sizes, both flat and round, I have repeatedly examined the
appearances left upon the cuticular coat of the artery after applying them, and the following is a report of such
experiments upon the carotid, iliac, and femoral arteries of the human subject.

Broadtape...............cooovvnnnnnn, }No distinct impression but a general lengitudinal puckering of
Narrower dilto tape ..................... the internal coat, especially opposite the knet.

Narrow tape ..............ccovuunenniinnnn. The same with partial laceration.

Narrower ditto tape ........................ Cuts with a fretted edge, or partly cuts and partly tears.

Flat bobbin .......covevvenrevininnninnnnnnns The same.

Large ronnd bobbin.......................... Cuts cleaner

Twist ... ccoooovvennneinnniiinnniiiniinnen, e

Y (T }Clean and narrow incision.

A round ligature including a cylinder

of linen .......cooovvvniiiiiiiiiie }Faint but distinct incision.

Ditto including a cylinder of quill,

wood, or other firm substance....... }Deep but some what partial incision.”

Travers. Med. Ch. Trans. vol. iv. p. 487. (Tars.)
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OF TomsioN oF ARTERIES. It has lately been proposed to arrest the circula-
tion of the blood in arteries, by performing upon them the operation of torsion;
thus to avoid the necessity of leaving any foreign body, either in the wound
or upon the vessel. We shall not enter into any considerations respecting the
question, who is to be regarded as the discoverer of this mode, or remark upon
the eulogiums which it has of late received : they who are personally interested
in the inquiry must claim, and the public determine, what share of merit is
due to them ; at present it will be merely stated that this operation was
proposed by M. M. Amussat, Velpeau, and Thiorry, almost at the same time,
and that each of these surgeons adopts a peculiar plan. The two former have
recommended its use in those hamorrhages which are consequent upon the
great operations or the wound of an artery : M. Thiorry, however, proposes
that it should be applied to the treatment of aneurisms, i. e. to arteries which
maintain their continuity and have been exposed by an operation of the
surgeon. In these cases, he insinuates a solid instrument under the body of the
vessel, with which he twists the artery in such manner as to produce an effect
which corresponds exactly with that obtained from the pad of a tourniquet
which encircles an extremity, when it is compressed before the performance
of an amputation. Should the vessel be wounded, or cut through, as occurs
during amputation, M. Thiorry seizes it with Patin’s forceps, (selecting them
of such size as is proportionate with that of the artery,) and performs the
operation of torsion by giving to them a complete rotary motion, which is
performed five or six times successively, when the vessel is small, and ten or
twelve times when of a large size.

M. Velpeau uses a pair of grooved, or even common dissecting forceps:
he lays hold of the extremity of the arterial tube, and carefully separating it
from the surrounding parts, applies another pair to the highest point of its
insulated portion, for the purpose of fixing it firmly, and at the same time
twists the denuded portion of the artery with the first forceps from three to
eight times in succession, according to the size of the vessel.
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M. Amussat, employs in the operation, two pairs of forceps of very compli-
cated construction, each furnished with a contrivance by which he can keep
them firmly closed. With one, he seizes the vessel, and withdraws it from
the wound for the purpose of thoroughly separating it from the surrounding
veins and nerves; when this is done, he applies the second forceps, which
have round even arms, upon the artery immediately above the extremity of-
the first forceps, and by making strong pressure upon the rounded arms he
thus divides the internal and middle membranes ; ‘and when it is probable
that he has effectually succeeded in this, he slides the second pair of forceps
along the insulated portion of the artery, until he reaches that part of the
vessel, which has not been denuded, and thus reflects or pushes the two
internal tunics before the instrument. Having carried -the second pair of
forceps as far as this point, M. 4mussat then maintains their firm and steady
application, at a distance of at least four or six lines, from the first pair which
have been already fixed upon the extremity of the artery—with the latter, he
then torts the cellular tunic (the only membrane which has resisted the
bruising or scraping action of the rounded forceps,) five or six times in
succession. ‘

By these various plans of twisting arteries, any discharge of blood from the
vessel is immediately arrested, by the plug formed of the ruptured internal
and middle tunics, (Pv. IL. fig. 9, a,) when it is performed according to M. M.
Velpeaw's and Thiorry’s plan, or by an inversion in the artery of the same
parts, for a length of three or four lines, (Pr. II. fig. 12,) when Amussat’s
mode is adopted. Under both circumstances, the cellular membrane, the only
one which is in reality twisted, forms below the plug or the membranous
inversion, a kind of cul de sac, (PL. IL fig. 9, &: . fig. 12, ¢,) which, by
slightly pressing against the obstacle which resists the escape of the blood, is
capable, when necessary, of preventing its discharge; should it happen that
by insinuating itself through the debris or portions of the internal and

middle tunics, it passes beyond the impediment which these fragments
2 A
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oppose to its progress, or, if after torsion has been made according to
M. Amussat’s mode, a portion of the sanguineous column passes into the
canal which is formed by the inverted membranes. (Pv. Il fig. 12, ¢.) In
this, as in the former instance the flow of blood from the artery would be
impeded by the portion of cellular membrane which forms the cul de sac
described. (Pui. 11 fig. 12, ¢ : 2. fig. 9, b.)

It thus appears, that, when torsion has been well executed, heemorrhages
are successfully and with certainty arrested : but this is not the true point of
view in which the operation ought to be regarded : for if the only object in
view were that of producing an immediate stoppage of the discharge, nothing
could better fulfil this indication than the judicious application of a ligature
of any kind, either large or small. The real question to be determined, is,
whether consccutive hamorrhages are less frequent after the use of torsion,
or the application of ligatures of the most advantageous nature and form.
Those surgeons who have advocated its use, have most strongly insisted upon
the correctness of this opinion. M. .mussat, especially, thinks that torsion
possesses great advantages over the ligature : because, he says, when it is used
no foreign substance is left in the wound: the consequence is, that the
consecutive inflammation and suppuration amount almost to nothing, and,
therefore, the cicatrization of the parts takes place much more rapidly than
when a ligature is applied : unfortunately, these favourable consequences of
the torsion of arteries, have not been always observed. Several surgeons
assert that they have noticed that inflammation and suppuration extend and
continue a much greater length of time when torsion has been used, after the
performance of an amputation, than in cases nearly similar when the ligature
was applied :* others mention the occurrence of hemorrhages, almost im-
mediately after the operation,t and thus the anticipations which this proposal
appeared to induce are in reality destroved.

* See DELPECH's Memoir in In Revue Medicale. Oct. 1831, + Sce Journal Hebdomedaire, vol. v. &ec.
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M. Velpeuu, however, who, as we have stated, was one of the first to adopt
its use, and the extent of whose talents every one appreciates, states that
torsion is not applicable to every case, and that in none does it possess a real
advantage over the ligature. I have never employed this haemostatic remedy
in the human subject: but I have performed numerous experiments upon
dogs and rabbits for the purpose of comparing it with the ligature, and have
constantly found that when torsion is employed, instead of the ligature, upon
the large, or at least upon vessels of medium size, the inflammatory action
and suppurative process have been more violent and of longer continuance
than when an artery of similar dimensions had been tied: and the reason, I
think, .appears evident. '

In the first place, the manual operation of torsion is more difficult and
painful than that of applying a ligature. Indeed, if it is wished to practice
torsion upon the continuity of an artery, the same precautions must be used
in laying it bare, which have been exhibited when describing the general
rules for the application of the ligature, with the exception, that, in the
latter case, so soon as the vessel is exposed, it is only further necessary to
separate it for a short distance to apply the thread, and the operation is
concluded. But, on the contrary, if it is intended to perform torsion, the
artery having been exposed, several painful and tedious manipulations have
still to be executed—the section of the artery with the bistoury, and the
insulation and torsion of its divided extremities : it is proper to say, however,
that no one has insisted upon the use of torsion in those cases wherein the
continuity of the vessel remains undisturbed.

We shall now examine whether this operation, or that of applying a
ligature after the amputation of the extremities, or the extirpation of tumours,
is performed with the greatest ease: in either method the vessel must be
seized and insulated. When the ligature is to be applied, the separation is
made sufficiently extensive by merely exercising upon the artery a slight
degree of traction, but when torsion is employed, a greater degree of traction
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is required than that which the ligature demands, so as to make the vessel
project five or six lines, at least, beyond the fleshy parts; and, as this attempt
invariably draws the veins and nerves by which it is accompanied along with
the artery, it becomes necessary to separate and turn them back towards the
superior parts, for the sole purpose of twisting the artery, a precaution which
the ligature does not always require, and which it is unnecessary, in any case,
to carry to that extent which torsion demands.

After the separation has been effected, torsion still remains to be performed.

From what has been said, the operation of torsion is proved to be longer, as
well as more difficult and painful, than that of the ligature: the only
exception to this occurring in its applicability to the smaller arteries. And
if it be acknowledged, as the most talented practitioners admit, and as it
appears to me to have been most minutely demonstrated, that all other
cirumstances being equal, there is greater probability of success when the
distance between the situation of the ligature and the origin of a large
collateral branch is considerable, than when it is small, the conclusion must
necessarily be drawn, that torsion is not so valuable as the ligature, because it
destroys the parietes of a vessel for a much greater length, and therefore
proportionately diminishes the strength and length of the coagulum. For
instance, if the femoral artery be wounded two inches below the profunda, and
a ligature be applied immediately above the wound, a distance of twenty or
twenty-two lines, which experience proves sufficient for the formation of the
coagulum, will remain between this point and the large collateral branch :
whilst, if torsion be used in the same part, fifteen or eighteen lines only will
remain in which this process can be effected. Should the wound be situated
still nearer a collateral branch, the objection has still greater weight, because
it has been proved that the coagulum is not formed in such manner as to fill
the artery, except when the interspace between the ligature and the first
branch, upon the side which is nearest to the heart, equals eight to ten lines
in length. '
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We shall now examine whether the immediate disadvantages which have been
described as the results of this mode of operation, the torsion of an artery, are
compensated by equivalent and ultimate benefits. This is far from being the
case. We have already seen that the inflammation and suppuration are always as
tedious, and sometimes even more so, after torsion, than after the application of
the ligature: and the causes of this it is not difficult to deduce. The first, con-
sists in the duration of the operation itself; the second, and one of the most
serious, is the displacement which an artery suffers in its proper sheath, when the
traction which is necessary for its due insulation is performed : and lastly, the
third, is attributable to the presence of a real foreign body, capable, perhaps,
of exciting a greater degree of inflammation, than the single thread which is
used as the ligature. The extremity of the twisted artery, and the frag-
ments of its internal and middle membranes, constitute this foreign body :
these portions of the vessel being seriously bruised by the torsion, maintain
no vital connexion with their surrounding tissues, are unable to form any
adhesion with them, and can only be removed by the double effect of sup-
puration and absorption. Until this effectually take place, the fragments
of the arterial parietes excite as extensive a degree of inflammation and
suppuration, as is produced‘ by the knot of the ligature, until it is entirely
expelled: and I assert, that whenever I have applied the ligature upon the
principal artery of one extremity, and used torsion upon the corresponding
vessel of the other, I have nearly always observed that the wound cicatrizes
more readily in the former than in the latter instance. ,

When torsion is performed upon the small vessels, the same disadvantages
do not arise as in those just described : in the first place, because the operation
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